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HANDBOOK ON THE VARTABL ~MAGNETIC FIELD OF THE USSR

Spravochnik po peramennomu V. I. Afanas'yeva
magnitnomu polyu 3S8R

|Handbook on the Variable

Magnetic Field of the USSR],

195h, Leningrad, Pages 3-267

FOREWQRD

The Spravochnik po peremennomp magnitnomu polyu 353R which

is offered to the attention of the reader is the first publication
of this type, and naturally, is not free of shorteominzs. In a
relatively small space, the sditor of the handbook has tried to
7ive in graphic and tebular form the factual information avout

all the basic phenomena of the variable magnetic field. The
sources o this information are the results of observat.cns made
by the magnetic observatories of the U3SR. Up to now the observa=-
tions of the maegnetic observatories of the USSR were published in
the form of annwals of the magnetic observatories., These annuals
as a rule contained tables of the average hourly values of the
magnetic elements, observed in the observatories (magnetic
inclination, horizontal and vertical components of the earth's
magne-ic field intensity), tables of daily magnetic variations
(averags for each month, and also averaged for the year and for the
seasons) and certain other data (average monthly and average
annual values of the maznetic elements, data on the magnetic
activity, ete)., The annuals, as their names indicated, contained
nsually the results of observations for a single year only made in
one (sometines several) magnetic observatories, This alone prevented
the inclusion of data concerning many phenomena in the annuals,

As a result, persons interested in such magnetic phenomena as

eyclic magnetic variations (variations in tae so-called lle~year
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cycle, connsctad with the activity of the sun), annual variations,
ragular components of the fields of magnetic storms, =2tc, or else
persons interested in the rex 4ic distribution o some magn-tic
phenomenon could not find the necessary material in the individual
annuale It was necessary to cither turn to the pariodical literature
or o assemble 2 seriss of annuals and from them select the suitable

data,

in recsnt years (after 1936) the majority of magneiic
ohservatories of the U33R stopped publishing annuals, prizarily
hecsuse it was armitted that it is not acvantageous to tublish
o servation materials from the magnetic observatories in the

former form, which is of little interest to a large cirels of

readers,

Fecently operating in the USSE territory are mo'e than 15
megnetic chsorval.ries, le2., approximatel /L of all the world's
tin ohservatories (Fi-ure 1)e The territory o the USSR
13 sp larze 4 st the data of these ouservatories offer ideas com-

cerning ‘he zeararhic distributio’s of many ~henomena of the
variable masnetilc field of the earth., This 1s why the material
15 presented in this manual, wherever possible, in such a way as
to permit judviﬁg the basic geographic laws 7soverning these

nhenomenas

3ince it is known at the present time that the variations
comnectad with the cyclical changes in the activity of the sun
(1l-y-ar variations) have the longsst period o. all the reliably
established types of magnstic time variations, tne handbook is
made up principally from observation materials covering 11 years

—- from 1938 through 1948, The choice of this particular ll-year
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interval is justifiod from the following considerations: starting
in 1937, the Main Gcophysical 0O sarvatory changed the nature of
the operation of the magnetic observatory in Paviovsk. The
Pavlovsk manetic observatory has reinforced sharply the scientific-
methodic manazement of all the magneiic oiservatories of the
hydrometeorolosical service. starting in 1940, a scientific
Research Tnstitute for Terrestrial Magnetism wa3 organized in the
hydrome hecrolosical service. This raised even more the level of
the scientific-methodic manazement o! lecal ouservatoriss, and also
contributed to the further ecuipping of many local martnetic
observatoriss by second sets of variation magnetie instruments,
the oussrvation materiazls obtained by toe mapnetic
ohsarvatories of the hydrometesrolosicsl service since 1937-1930
should be cnnsidered as more rali - in guality than similar
raterials obtained for the preced’ nz years. Therefore, since we
desired to base the handbook on nct less than an ll-ysar series
of observations, it was not deem~d zovaniageous to take an ll-year
series t'at covers years prior Lo 1938. On the other hand; since
the work on the compilation of this hanubook started in 1950
it was not advantageous to discard data for 1938 ana start the
1l-ysar seriss with 1937, since tie materials for 1949 were

st111 not fully processed in 1950

4 certain disadvantage of the adopted ll-year interval
startinz with 1938 through 1948 is admittedly the fact that this
interval does not coincide with one ll-year cycle of solar
activity. 'n fact, the year in which the solar activity is
a minimum is 19Lly, which does not occur at the start of the
time interval covered by this handbook, but is the seventh ysar

of this interval, Therefors, the material of the handhook covers

years of 2 successive maxima of solar activity (1938 and 1947)
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and the intermediate years of low activity (19L3-19LL), rather

than a single natural solar-activity cycle. Howsver, the

compilers of the handbook, owing to the circumsiances listed

above, did not have the opportunity to sslect another time invarval,
for whici data could be included in the handbook. It siould also

be noted that even thouzn the yesars 1936-19L¢ include the years of
the fireat Tatherland War, the masnetic observatorizs of the Us3R
wers in continuous operation during this period and obtained

aguite reliable observavion materialse. The data of the obssrvatories
0 the northern latitudes o the U33R (cbservatories unde the
Jurisdiction of the Mai: Administration of

Lan s) are used in the handbook only for several indivicual

years, somatimes cven not pertzinin: to the atove-mentiscned 193-
1947 period, owing to the fact that by the time the handbook was
compiled no finished processed ovservation materials were obtained

from these observatories for several years,

Table 1 snows the data from which ouservatories and from

7rars were enployed in the handbook,

(Note: The date from the L'vov masn ie observatory (L'vov

State University) were not used in the hanibook,)

The material of the handbook 13 contained in an introduction

and in 7 chapters,

The introduction eontains some guite sensral information
concerning the masznetic fileld of the earth: and such information
is intended for a re®der who is no: a-quaintzd with the special
terregstrial m It will do no hamm for the
reader who is sufficiently acouainted with the general concepts
of terrestrial marnetism to skip the introduction and turn directly

tc tre chapter of the handbook o7 interest to him,

-l -

Sanitized Copy Approved for Release 2010/07/13 : CIA-RDP81-01043R000400040009-0



Sanitized Copy A ved for Release 2010/07/1 IA-RDP81-01043R000400040009-0

We list below the 7 chapters of the hand>ook,

I, Cyclical Geomagnetic Variations. These variations,
pased on data from only one ll-ysar inierval, cannot be ceterained
with sufficient reliability. They are therefore given in the
handbook not from data for 1938-19% , but for a lonzer interval
of years, but the data are cbtained from a smaller number of

obsarvatories,

II. Long-Period Geomaznstic Variations. This name is
siven to variations the period of which is nearly 2 ysars.
fttentisn ws firsht called to this tyre of variation in the
domastic literature only a faw years ato, and 1t was vesclved
that since the value of these variavions is of the same order
o marnitude as the value of the formerly employed annual
variations, it iz nscessary to devote one of the chapters of the

this now type of variation.

TII. Annual “eomagnetic Variations. The 3oviet geophysicists
are responsible for many of the most important resulis of investiga=
tion of these long-known variations. The handuook iives annual
variations thai were first couputec by a method, published in the

Sovist literature in recent years (2), an methodicall the most

1V, 3olar-daily “eomagnetic Variations, A suitably large
space has been devotrd in the handbook te this iyps of variation,
w'ich is employed witi particular fraqusncy in many practical

problems,

The daily variations re given for the years in wiich the
magnetic activity was high and for those in which it was low.

Average values for the cycle sre also given. In addition to the

-5«
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daily variations for days in which the magnalic activity is low

(quiet cays), daily variations are also rivea for days with

increased magnstic activity (disturbed days).

V. Distursed "enwarnetic Jariat ong. v ge variations, beinz .
sne of 2 regular parts of th: field of magnatic storms, are
remres-nted in the hanibook only for the years in wiich tie magnetic
acti ity was hi=i: and {or these in which it was low,

separate practical correctlons have yet been made for

of variation by m:ans of marnatic measurenentse

tunately, bhis

1icerature 'storm-taym' variatis s the untranslated
Tnzlish name of th'se vari:tions tran: arated into Fussian.
autho= o this handionk chaplter uelieve: +-5% the nace here adoptec
veprasonts what is most essentizl in this variation and is better
than the name em~loyad ur to now. MNost atbtention iz said ‘n this
chanter of the handbook to tha aperiod'c ~eoma netic storm-time
variations ‘n the horizontal cosponent, in which th:sa varistions
wave the most pronsunced fors, No separate corrections we-e
introduced in practice for tine aperiodic storm-t me variatlions

durins tine of .oTT: ; from measurements of t:e ma:netic

2lements,

¥II, Mawmetic A-tivity. This ciapter contains a summary

ca alogue of magnetlc storms for 19351-i§ﬁ8, first compiled: for

the handbook, and conta’'nin: information on zach storm:as measured
by many o servatories. The m:onetice-storm catalozues publ‘shed up
to now -~ontain information based »n tie c‘-‘a"ta qf only &

ohservatory. The summar; catslorue mqkslé_rip possible to follow

many laws Iin the wgographic dlstrib\.{tihri ov'::, tnc- hi;ghéét? levels of

-6 -
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magnetic activity, namely magnetic storas, The chapter cuntains
sumnary tables for the most widely used characteristics of

magnetic activity’)and resulis o” their syst:matic investigation.

The compilers.of the handbook first planned vo include gtill

another, eighth chgpter,‘ voted to the pracﬂical application of

the material collected in the first 7 chapters. This was anandoned
when it bsca'e clsar that ¢o ation of su~h a chapter r=q ires
still more cons’derabls time. Considerinz the nsed of publishing
this tyre of handbook and the pozsibility of its practical use

even without the eighth chapter, and not desiring to delay the
publication of ths handbook, the compilers decided to publish it

in the 'cope described absve, and the discussion of practical
aprlications o the handbook maiterial will be :reparec anc published

separately.

It was decided by the editors oY the handbuok to emiley
isc ras ma; s or geograshic charts to show the geo rapilc isatures
2! the mametic :henomena represented. This method of repre-
sentatinn appears better thian the mathod of employin maps of
the elactric currents that are equivalent to the variations,
widely used in recent years the initiative of Znglish and
Amarican seophysicists. It i: known that the majority of electrie-
curvsnt systers, represented by maps, ars merely ef‘ective systenms,
not existing in niture in pure form. Tn addition, the altitude
of the currents over the ace of the earth is sc far detsrmined
indirectly. The metlod of representing the variations by
isograms is more graphic aqd simpler in all those cases w!en the
raader is interes:.sd in the géogréohic distribution of the

variations of a single zeomagnetic e}emanﬁ.‘”

In mak'ng the decision as to the‘character’of4the feferénces

- , B
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to the literaturs, it was decided that it is ndt advantageous

%o employ too many references. 3in-e the principal task of the
’?bﬁﬁﬁbtok'is‘to;$ys;ematize the factual data on magnetic variations,
”th'(peferjﬁéeslare limited to literaturs that alsoc con:ains the

J”systematizatﬂﬁn”o’ observed data on variatién. They do not

include on the one hand theorstical work, and on the other

publications sinilar to magnetice-observatory annuals, i.e,, cubli-

cations which contain factual data on variation bubi not :n zemsral

form,

The f511 wing names and symbsls are emrloyzc in this
hancbook for the elements of the geomagnetic *ield: ceclination (D),
inclination (I), norizontal component (H), vertical component (Z)

northern component {X), @2as ern component (¥), total intensity (¥).
] H ] v

Unless otherwise mentlonad, the variations of the
declination and inclination are -iven as a rule in angular minutes,
and the varfations of all the ~thor elements are ziven in gammas.
One gamma is oqual =0 1/100,000 of the avsolute nit (oersted)

as2d ‘n the measurement of the mametic field intensity.

Fartleipating in the compilation of the handbook were the
seientific workers NIIAM {¥auchno-issledovatel'skiy institut Zaanogo
msrnatizma -~ Scientific-Researcn Institute of Terrestrial
Magnetism] and several othsr gclentific-research institutes of the

hydromateorological service.

The individual chapters of the handbook were prepared by

the followlng persons,
I. Cyclical Geomagnetic Variations -- 3. Y,;K&zik4(?§8:kenf

" Setentific-R-search Geophysiééloﬂbﬁarvatory).‘
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II. Long~Period Jeomagnstic “ariations -- professor Yu.

D, Kalinin (NIJZ).

1" 7. Annual Gecmagnelic variationg -- V. . afaras'yeva

(¥T7T2%), candidate in phy:ico-matiemadical sciences.

TV. Solar-'aily lecwswnesic Var atioms -- M. 3. Penkevich,
candidate in physico-math natical sciences, Tes T Glushkova,
7. §. Yuznetsova (700) [Glavnaya geofisicheskaya obervatoriya ==

¥Main Teophysical Observatoryl.

oy
J

¥, Disturbed Jesragnetic Variabions == . de f:elousova

(NIIZM)e

Vi. Aperiocaic 3torm-Tise Jsocarnetic VYariations == V. I.

Afaras'yevas

YIT. Yametic Activity -- V. I. Afaras'y=va {catalozue of
stor-s and deductions), S. ¥. Kozik, and professor . N. Mikhalkov
(tables of characteristics of magnetic activity and statistics

based on it).

The compilation o7 many chapters of the handbook bacane
possible due to the fact that many workers in the local magnetic
ovbservatories of the hydrometeorological service have carriec out
a supplementary analysis of the obssrvation materials and on their
gengral ization, and have reported tnelr r sults to the NIIZM.

This work was performed by N. A, Katsiashvill in the Tbhilisi

Seientific Researeh Jeophysical Observatory, M. A. Lipina in the

-9 -
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Sverdlovsk Observat:ry, under the direction of professor V. N.
Mikhalkov in Tashkent, by I. M. Pstrov and A, V. Timofeyev in
the Yuzhno-Sakhalinsk Oiservatory, and by candidate in physico-

mathsmatical science N, ¥, Pushkin the Kazan' magnetic ovservatory.

V. I, Afaras'yeva was the zeneral editor of the handbook.

INTRODUCTION

At any point in space arounc the earth's surface it is
possible to measure the natural magnetic field with suitable
ins*runents. This field is called the t-rrestrial magnetic or
seomarnatic “ield. At th2 present time mucn is known about this
field, It was found that the principal portion of this field
does not change noticeably with tire but is indepenvent of time.
This porticn of the field is called the psrmanen% magnetic field
of the earth, It alsc has been found that a relatively small
portisn of the terrestrial masnetic field, representing as a
ruls several thousandths of the entire field, vari s continuously
with tie and depends on time. This portion of the field is called

the variable mapgnetic field of the earth,

Lie any other field, the earth's magnetic field can be
fully described by indicating the maxnitude and direction of
the field Tor =ach point of space. It is customar; in the
stud: of the terrestrial magnetism to specif: the field with the
aid of the following elements: maznetic declination (horizontal
rlane angle at a given point, formed by the geographic meridian
with the horizontal projection of themagnetic field intensity
of the earth; the symbol for the magnetic declination is D)j
magnetic inclination (vertical plane angle at a given poinu, formed

by the direction of the field intensity and its horizontal projection;
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gymbol I); the horizontal component (projection of the field
strength on the horizontal plane at a given point; symbol i); ver-
tical component (projecticon of ths field strength on the vertical
direction at a given voint, symbol Z); northern component (pro-
jeetion of the horizontal component on the line of the geo-raghic
meridian at a given peint, symbol X); eastern component (projection
of the horizontal component on the line of the geagraphic latitude
cirele at a ziven point, symbol Y); and the total field streangth
symbol F or 7). The att.ched dia ram (Figure 2) shows the mutual
locaton of a1l the elements of the magnetic field, The various
2lements at any one point are always re ated b the following

ecuationss
H = Feosl; Z = Psinly ¥ = HecosD;

and by the corrolaries »f these ematiznss

2
H242" = ¥

X +¥? < §2
%2 + 32 4 22 o 72
tzl = Z/4

tgD = Y/X

The declination D anc the inclination I are measured in some
sort of angular measure (most freguently in angular degrees, minutes,
and seconds, assuming a richt angle tobe equal to 90 degrees); the

total field intensity (F) an¢ the components (H, Z, X, Y) are measured

in oersteds or in gammas (one wamma = 1/100,000 oersted, symbol j/).

The values of H and F are always considered positive, and with
rasne~t to the remainin: olemenbs it i35 asswmed 50 assume the following
values as positive: Z directed downward, X northward, and Y wasiward;

D corresponds to an angle measured from the geozraphic margin clockwise,
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I is positive when Z is positive. In all other cases, X, Y, %,

— Dy I are assumec to be nsgative.

The 7eograpiic distribution of the earth's permanent magnetic
field is such that in first approximati.n to reality it can be

assumed that this is the field of a wniformly-magnetized sphere.

At lower latitudes the permanent field is dirscted almost

norizontally, and near the Arctic almost vertically downward, while
‘n the Antarctic it is almost vertically upward, Thsre are 2 regions
in which the fleld is vertical, ons is in the north of North America,
the nther in the Antarctic. These rezions are called the principal

- magnetic polss o” ‘he sarth. The field in the vieinity of the
poles s aprroximstely twice ss larze as 'n the vicinity of the
2arth's equator., owsver, such a description of the sarth's

_ nagnetie field i, only a very rough approximation of meality. A

. fuller eoncept of the permanent field is ziven by the maunetic maps,
ie8., maps which show the isozrams of the elem:nts of the magnetic

- field. The most important in practi: are the magnetic doclination

maps. The isograms of D, i.e., the'lines cennacting those places

on the aarth's surface in which the vaiue of D is the same, av

callecd isozons. The isozrams of I are called isoclines; anc the

isovrams of H, ¥, Y, Z, and ¥ have the comwon name of isodymes,

The values of the mavnetic elements on the =arth's surface

are measured basicaily (the sense of "basically” will ecome clear
later) witi:in the following liwitss F ~- from 0.24 to - 0.73
oersted, i -- frem O to 0.L1 oe'stec, 2 -= from 0,52 to 0.73 osrsted,
X -- from O to 0.kl cersteds, Y -« from O to 0.1Y oersted, D --

fron 0 to t 170°, and T -- from 90 to -90°,

4s wo move from onz point on the earth's surface to another,

Sanitized Copy Approved for Release 2010/07/13 : CIA-RDP81-01043R000400040009-0



Sanitized Copy A ved for Release 2010/07/1 IA-RDP81-01043R000400040009-0

I

the field elsments vary gradually and relatively slowly. On the
ereatest portion of the sarth's surface in middle latitudes a
displacensnt of several hundredths of km esrresponds to a change,
for exanpls, of one <egree in I, 0.01 oersted 'n H, etc. The
variation o U ‘s greater at hizher latitudes. owever, thesre
are many regions n which the fisld in space changes consi.erably
more, and the changes, for exam le, in D amounting tu tenths of
dogrees, can occur within several km and even hundreds and tens of me
These werions ave generally called mamneiic anom:liss, The
magnetic anmalies are classified by the sizes of the area they
occury and by the sx.ent of the change in the field within the

anomalies.

In certain anomalous regiomns the fiels may differ by a fzctor
of 2 from the valus that it should have in this rezion weve there

is no anomaly.

The mozt widely used method for rayvresenting data on the
sratial distribution o” the magnehtic field is the concen. of the
georarhic distribution o” individual magnetic elements wit: the

aid of magn tic maps.

Depending on their purpose, magnetic maps a e comeiled with
var ing degrees of cdetall, Those most revresentative of the actual

state of affairs are called the maps of the romal magnstic fisld,

Mathematical analysis has shown that the permanent magnetic
field of the earth originates within the earth. At tie present
time one no longer thinks, as in the past, that the substance within
uniformly maznetized. The causss of the permanent
magnetic Tield have 2 origins, The principal portion of the field

(the uniform maznetization field) and the most extensive anomalies
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(world wide, occupying regions commensurate with the simes of
entire continents) are produced by slectromagnetic processes
occurrin: at very great cepths within the sarth (to the srder of
3,000 to L,000 ¥m). The fields of the smaller aag netic anonalies
(hundreds of km or less) are dus 1o magnetic wasses that are dis-
tributed with a great degree of nonuni or:ity in the u:per layers
of earth's crust. The stronges. and at the sane t me the most
limited in svace are the anomalies produced bty the protrusion of

sagnstic masses {iron ores) on the surface of the earth.

ride the variabls magnetic field into
the various changes with time
that have a pronounced pericdic character, and the other changes
that do not have such @ periodic eharacter. Forminz & sroup Ly
themselves are slow variations in the permanent field, in regard
to which we stiil do net know whether they are perisdic or nobs

these are the so-called secular magnetic variations.

Mathematical analysis shows that all weriocdic vari abions
C outsice the sarth's sphere. Thess variat ons are

usually classified in accordance with ths length of their period,
3ueh a classification turns out simultaneously tobe a classification
by physical causes, We know ¢f diurnal solar varistions, the
poriod of which 1usts a day. These variations are caused by the
daily rotation of the earth. Annual variations, lestinz cne
calendar year, are known., These variations are cavsed by the
rotetion of the sarth about the sun, There are lunar-da'ly var:iaticns,
the period of which equals the lunar day. These variations are

the daily rotation of the earth relative to the moon.

Daily periodic variations are caused by the fact that the

-1 -
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ultraviolet rays of the sun lonize the sarth’'s atmosphers, pro-
ducing in it layers -hat have a relatively large electric conducti-ity,
and the tidal movenent of the atnosphere causes this electrically-
conducting layer to move in iefinite manner in .he ~arth's constant
magnetic field. This explains the solar and lunar daily variations.
the former case tha tidal movements are producec by the attraction
" the sun, and in the s-cord by the attraction of the moon. There
st11) no final idea concerning the nature of the annual variabtion,
but apparently in this case the principal role is playsc by the
ultraviolet rays of the sun, which change with an annual ¢ riodieity

at every point of the earti's surface.

In addition te tha ultra iolet anu ~eneral wave raciab.on,
tha sun ejects into the space that surrounds streams of corpuscles,
which are elactrically chargsd rarticles. The nteractlion vetween
tiese streams an  the parmanent magnabic field of the sarth causes
nagnatic storms and a general magnetic activity. Il i: customary
to distinguish in the field of magnstic storms a regular pertion

nuprising 2 variations: a disturio¢ course of the storm and an

aperiodic time variation of the storm.

The nonuniform distribution of the magnetic activit, with
tims causes the sc-called cyclic variation, i.e., the variations

in the ll-year cycle,

The physical natu-e of the recently discovere: "long-period"
variations, lasting on the order of 2 y~ars, is still not clear,
but mathem-tical analysis indicates t:.at these veriations occur

ithin the solid core of the esarth's sphere.

Finally, what is known about the secular variations is ihat
they originate definitely witiin the earth's sphere (the urincipal

portion occurs most probably at great depth) and it is possible

\
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that their origin is closely related to the origin of the permanent

mametic field.

A1l compenent rarts of the variable magnetic field, including
tle secular variations, can ue ciaracterized with the aid of a

5

description of their gsozraphic Ve avior,

This handbook contains such ini’orz'rnat.ior'l as pertains to the
territory of the USSR for all *@rincip?,l types of magnetic variation
with time, excluding the lunareda’ly 1-:ar,iat;ivtxs A which are extremely
small ‘n their magnitude (not sxceedine one wamma), and with the

axception of the secular variations whiich usually do not belong,

as was already indicated, to ths varisble magnetic Tields

Informaticn about the \lfari.a;ble m:igne’i‘ic ‘field is cbtainsd
principaily as a result of t'he‘;acjtivities ‘of the maznetic obser-
vatories, in which the values of"giﬁe 'fviel‘d at a‘given location
are continuously recorded with +hah Ala,r: sacial instruments =-

magnetosraphs. At the present timé there is a-total -of approximately

70 manetic obssrvaitcries in operation on the earth's sphere, including

19 that are lately in operaticn in the USSE.

The prineipal initial result'; of the gctivity qf sach of the
nasnetlc observatories s a photographic film (rﬂagnetoéran) ‘
containing a contir{uuus racord of the variatlon o? r-na.'qnetic
elements with time. One ususlly records the varia"tt."uons of vth.e
elements D, H, and Z at the ot iervatcries. Unless 3 élemehts are .
recordad St is imposs'ble to obtain.a complete re'r::r:asiontaticn. of

the variable magnetic rield.

Pigures 3 and L zlve examples of magnetograms. Figure 3
shows the magnetogram of a so-called quiet day with respect to

magnstic conditions, and Figure L is a magnetog-am of a day that

-16 -
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includes a magnetic storm., 3Som:what more will be said below, in
- the corresponding chapters, concerning what is a quiet day and

wnat iz a macgnetic storm.

More details concerning the pemanent magne:ic field and
converning the secular vari iations can te found in the speecial
literature (23), Certain sux:np’..ementary infomat;on on the nature
of individual phenomena of the variable magnetic fiéld, in addi-
ticn to what has been said’a-bave, i3 givenbelow in the corresponding

: chap‘be‘fs of the handuook.

CYCLIC ‘SEOMAG ;

ty axz,er“encea fluctuations waich, strictly
speaking, 'hcan not be called per'iodic, vut their }:—we age curation
is appréximaﬁély 11 years. ' These cyclic.variaivi cns of solar
'act?vit.y affect many geophysicael rhenomena, incluing the earth's
megnetic field. The letter axhibits cyciic geomagnetic variations,

which parallel the lleyear fluctnations of the solar activity.

is was-alrsady men’oic{ned,-it i3 possible by means of

-rzathematical- t‘:*edry to subd,ivi-de the,r .08 :;,r-‘;a?netic'f‘i@ld into

3 mrt ons, one uUQ onlv to An’wr'nal causes, and the other only

tw external ones.’ Howevev‘, th e accuracy with which mls subdivision
i3 made is insufficient m “mcti ‘e for 8 s’fucw of cyclic vamatinns,

for the amplitudss of these variatzons are small. Tris is why all’

J.n'mstigatmns of these varxat‘ons were cdrried out by means of

other métﬁods. -

The . 65t Hide]_y used met
vari ahons -is ‘oasad on tne a.ssumption chat the secular ccurse is

continuous. >uch an assumptmn 15 mtural, if ths socular

- 17 -
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&

course 1s duz to a displacement or to a change in the stage of
large masses at a considaerable depth ugder ;hé surface of the
earth; however, we can not have fﬁ]l assprancé Esfofehand°of

the absence of breaks orvsharp_chghges‘ip the rate ;f‘th; secular
coursa. Tﬁa nathoad deécribsb rapléces the*physical-feature of

the internal origin Ef the seéuiar'trend oy a.f&;mal conﬁinuiﬁy"
featuré. Ip pyapticeltha matter feduces t5 fittiné a ertain
smooth curve to aqsufficient}y 1chg series af,annual average
values of'snme elements'offthsnmazhehic field A"é ziven paiﬁt.a
The -average annual values ave 391&51@& bscause they canbe aSSgu;d
free of anmmual and other shorteperiod var: t;ons. “The' qhosén smooth
curve ‘s most Trequently expressed as an al?e#raic ouiynqmial

axnressed in rowers of times

ao + 8 v+ ap 2+ ...
whereby the number of terms is taken to be consid@;ably less than
the number of years in the gelected series of:observations, Having

> cdetermined the coefficients of the éolyﬁo@ia@s,,;sing the leést-
squares method, the resul;agt smooth curve is taken;tp represent
-the -expression for the purely secular tfan&. ‘Ehsﬁ}the ag;iations

of the observed annual average valu‘s ‘from those calculated by

me ns of the formula obtained should be considered as consisting

-of the cyclic variations, addad to- the - random ooéervétion errYors.,

i .Tpe ;eagest poin% inrthe method desc£ibed is the ;hoica of
_ the .degree of the polyn;mial and the number of. its terms., The
longer the series of obser;ations'and'the more wiﬁding the
‘secu'i,,r 3 ﬂ_ ) he- lar, i5 the number of 'te'ms requireds but
this géﬁ'eyal“ indication can not be expressed In the form of an
’ a@tgai guiding rule,- If ﬁg‘iaka:an insufficient number of terms,

ué,obtain t oo coarse an ‘approximation of the secular trend, and
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in this case & portion of tie trend wiil tum out to be included

in the Jeviations of the observations from the curve. On vhe
contrary, if too large a number of terms is taken, it is possible

45 approximate the curve to the observation so closely, that it
Includes not only the secul<r trend, but also a congiderable “raction

~f the long-pariod variations. In eitler case we ¢o not obtain

n proper separation of the eomn - nent parts. The suce depends

t- a ennsiderable extent on the estimate of the ouserver and on

his skill,

The s-c-nd m-thod is based on the fact that a regular
periodic oscillation with constant amp itude vanishes if averaged
over an interval the width of whichequals the length of the psricd.
If we smooth the series of ovsarvetion by subtracting tio averages
in 5 slidinz ll-year interval, we ¢itain a curve that ¢ontains no
oscillations with an ll-year period; tais osciliation will be
fuly included in the usviati.ns of oo ervativns from the smooth
curve. The same Wwill oceur with all its harmonics, il.e.y with
ogpillations that have pericds =qual to 1/2, 1/2, /b, ete, of
t.e interval. Oscillation having other paricds do not disapnear,
vut are only reducad and consequently are not fully included in
+he deviations from the curve. Osc llations with short periods,
as well as s ort-time aperiodic oscillations and random errors
are smonthed considerably and are the efore almo.t all included
"‘n the reviations. The secvlar trend, ss awery slow oscilliatlion,
is ha-dly subject>d to any smoothinz when the sliding averaze is
taken; the small deformation, that still occurs in this case, can
be caleulated and corrscted for, as will :e shown belcw. Thus,
were only purely periodic (even though nonsinusoidsl) oscillations
wit! an 1l-year period and constant amplitude to be superposed on

the observed data on the secular trend, these oscillations could
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be separatec completely by using the m=thod of sliding 1ll-year
averazes. If upon such separation one observes that the secular
trend contains variations witn other periods, these variations can
in  turn be eliminated using a new averaze, taking a different
sliding interval in accordance with the length of the observed

veriod,

At the present time we know of no external causes, with the
exception of solar activity, tazt ~ould cause any cyclic variations
in the terrestrial marnetism. Therefore, having no basis for
a2xpecting to find in these varistions any o er periods except the
ll-year solar period, we restrict ours:zlves to averag ng over an
ll-year interval. Let vs note, however, that even in tais case
when the solar activity is actually the only cause of cyclic magnetic
variations, the slidinz lleyear averave method can not rive parfect
results, for the fluctuations in the solar activity are not strictly
veriodic: the activity is not the sams in different ileyear cycles,

and the length of the cvele also variss,

Let us call attention to stili ano.her shortcoming of the
slidingeaverage msthod, 3moothing slortens the given series of
observation by % years on each end (if the inter al is 11 years),
for »acn average relutes to the 7ld=point of the averaging interval,
It is therefore impossible to use short series of observations,
and long series may lose much in the presence of aps that do not
lend themselves to interpolation., 1In spite of these shortconmin Sy

the second method must be given preferance over the first, since

it is more objective,

The scheme for the computational processing employed in the
sliding ll-year average method is suchs given a series of annual-

averave values
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Uy, \12, u3, ecse Up
We calculate successive sums in the sliding ll-year inverval:

u Y 13 n
u .
19 e @y
n-10
We relate the average to the csniral; i.e.; sixth vear
the interval:

k + 1
4

The resultant series of a.eraves

1) )
ug o u, s eney U

represents in almost puve form the secular trend; only s1ihtly
istorted Ly the suoothing performads o
this distortion we subject the resulisnt series to a sscond smoothing

using the seme s:quencs, namely, we for:m new sums and averages:

1 y
L o (1

1

The resultant series of twice smiothed averazes is compared

with the correspondinr terms of the once-smoothed seriss., The

(2) 1)

differencas u - uy represent the unknown distortion of the

secular trend, due to the single smaothin:, 3ubtractin

them

1
from the once-smoothed series, i.e., from the numbers u. , we

obtain the undistorted pure secular trend Vi3
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SO ORI (1 (@

1
VL = Py - W8 Vi = fUp = Mg eees Ynag = 2807 Y

Tet us note that during the second averaging in the sliding
1l-year ‘nterval we arain lose 5 years on each end of the :
Tn zensral, we lose 20 years in the cdouble smoothing. The
course of the numbers u(?) i5 usually quite irregvler, and can be
axirapolated for 1 to 2 years without risking large errors; however,

1% is impossible to reduce tie errors substantially.

Subtracting tne resultant values vy from the osbuerved uy,

we obtain as the residue the cyclic variations wy (including random

shservation errors):

An example
method is
cyelic variati-ns ecalculated with the same msthed, using data rom

several magnei ' c observatories of the U3SSE for tne L aloments of

the ma-netic field:s H, 7, D, and Z.

Only prol- ngsd seriss of observations, not less than 25 to
X years, are sultable for detertinsti n of the cyclic variations
and these o:servations must furthersore be uniform over the entire
series, The uniformity of a series of observations depends on a
whenaver .n:irmments are
changed in the observatories, whenever procedures anc work programs
are changed, and especially whenever the observatories are movecd
to new locations. 3ince the smplitudes of the cyclic variations
are small, on the order of 10 to 20 gammas in the horizontal
component, the necessary o servation ac-uracy is quite high. Only

? observatoriss, Leningrad and 3verdlovsk, meet these r-quirements,
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and that cnly since the 1880's, Earlisr observations are too
inaccurate. Sufficiently long series of oiservation are available
also from 3 other obssrvatories: Irkutsk, Kazan', and Tbilisi,

but in other respecis they are inferior to the 2 preceding ones.
The Irkutsk and Kazan' series are :nsufficisntly uniforu, and the
Tbilisi series has large gaps, The series from the remaining
observatories are not sufficiently long; therefore, ouservations

from these osservatories were not used,

Let us note that the calculation of the cyclic variations
makes possible obtaining a certain estimate of the quality of the
nrocessed results. The quantities represent, as was already

entioned, not o~l: tha ¢ clic variations, but also the random
observation errors. If the latter are large, the w curve exhibits

a considerable irregular sawtooth form, and the resultant amplitudes
of the oscillations are exaggerated. A characteristic picture is
also formed by the trend of the values of w if the difference

in the values ~f any element of the magnetic fislu at the old

and new location is inaccurately dotermined whenever the observatory
is moved:r for five years prior to the move the curve starts deviating
to one side, and then ceviates with a sharp jump to the opposite
side, and 'radually returns to the initial level during the

subssquent 5 years,

Let us now examine the results obtained on individual el-ments

of ths magnetic field.,

Cyclic Variations o the forizontal Component

Attention is call-d to the close agreement between the cyclic

variations of the horizontal component (Table 3) made at all the

observatories, with the exception of Tbilisi. Particularly close

- 23 -
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is the parallelism of the Leningrad and JSvercisvck curves. The tiothe
like shape of the Kazan' curvs, particularly noticsable prior to
1930, must be atiributed to random errorss alter supplementary
smoothing, the curve exhibits closer a-reement wit the Leninrrad

and Sverdlovsk curves, The Irkutsk curve is in close & rese:ent

witl the o'her curves over almost its entire exbent, witi the
exception of the 1927-192k section, at which it makes a pronounced
downward dip, in contradiction with all the aining cvrves. The
Toili i curve has a lurge zap (1910-~192%5), and it is evually

eult to note azreement with curves from other cuservatories prior

and afier this gap. Only tie 1791=1'99 section exhibits a certain
similarity, The lar-e asplitude of the oscillat ons  etwsen 1900

and 1909 probably indicatves an insulficlent cuord naticn veiween

tihe absolute observations of ! when the ocservations ws e iransferred
from Toilisi to Karsani. After 1926, tiw signs of thse chances

from one year to another usually esree w.t: the changes otserved

at other ouservatories, but the amplitudes of the fluctvations

in Tbilisi are eonsiderably smaller, as if the putlished annual

ave age vaiues of | were already slizhtly smoothed.

The agreement bestween the variations of i at the varisus on=
servatories makes it rossible to average the resultant values of w
30 a8 Lo reduce the random ervors. Table 6 and Figure 5 show
the averape weighted res:1lt, obtain d by taking the Leningrad and
Svardlovsk da a with a weight of unity, the Irkutsk data with a
weight of 0.5 starting with 191k and a weirsht of 0.2 for earlier
yea s, and taking the Kagan' dava with a weight of 0.2 for all the
time (whereby during 1909~1929 the values taken we:re first smoothed

2
using the very simple eguation % ° El:_52133). The Tbilisi

data were not included in the calculation of ths weighted averages.

(Two years, 1913 a'd 1923, which violate strongl: the asreement

-2 -
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P o T v ) N
petween the ~rkuisk curve and the other curves, have ieen eliminated

and rerlaced by averages for the 2 adjacent years.)

The averaged curve of the c:clic variations on the horigzontal
comronent is in undoutted agreement with the course of the sunspot-
activity cycle, whereby an: invreased numler of sunspots is accom=-
ranied by a smaller horlzontal component, and a decreassd number
of sunspots is accompanied by an increase o! the component. For
convenience in comparison, the positive values of ©5H of Fizure 5
are plotted not upwarc, but downward fros the axis. There is no

detailed agreement with the course of the number of 5. ots, the

latter being smiother. icient of correlation between

{ and W (the relative number of sunspots) is 0,72, As the
relative number of spots is iner:ased by 100 units, the horizontal

co"nonent dacreases by 1l gammas,

A closer agresment, particularly 'n the dstails, is observed
between tha cyclic variations of i and the mainetic activiiy (see
Chapter 7T concerning the ma netic activity). Thus, using the
u-measure of the magnetic activity, the correlation with the
variations of H is given by a coefficient of 0,78, Particularly
soticeable is the identical double-humped form of both cur.es in
1292-199L, as  contrasted with the single-humped maximum of the
relative mumbers. The regression of H per unit u-measure awounts

to 19 ravmas. The above figures pertain to the 63-year interval

of time from 1897 through 1940, If the other, ball international

characteristic of the magnetic activity (C) (for wiich we have data

only since 188L) is used, tho correlation withAH is not as close,
viz., 0.68. But here too certain details arree with the course
of the curve of A\ H, Worthy of attention 1s the peak of 1930, wrich

is sharply mark~d only on the curve of the C characteristics, is

-2
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barely noticeable in the u-measure and is absent from the relatvive
numbers., The cyclic varia{;i.oﬁs 3'oW a pf*oﬂ&unce.d minimum Lvn that
yaar, The minimum of 1930 is not a limited local features aot
only the observatories of the ISuR, bui alsc 1 e observatories of
other countries all join‘.cly confirm this detail in the - o.rse of
the horizontal components, 4s a result of comparison of tlf:ew v H
curve with the curves of the reiative ;xwlmbers, ‘the u=-messurs, - and
the C characteristies, it can be stated (in s, lita of the sbsence
of an undisputed measure of maznetic activity} trat the cyelic
variations of the horizontal component follow closar the course
of the -eomagmetic activit: than the number of suus ots. It is
nessible that with inerazsed Accurac n 'BIO mezsurewents of . tie
magnet ¢ "ield at the:observatrries the value, of the ecyclic var'is.n.-

1

of 7 will prove to bhe a -cod measure for the zéomagne‘i‘.ic'

activiby,

The am;;l‘itude.: qz“"t;‘;e‘ cyclic varia'uic;ns in different Ll-ysar
cycles are nol the mo. The weakest sung ob éctivitﬂ, ‘occurred
Wwithin this time, interval di.ring the solar cycie 1901-1913. During
the same tiie the ampl:;.tude of the cyclic ma metic variations was
shar-ly reduced at all ojservétnries. Fo‘r other cycles, however,
it is impossible to e:;tyabl’ st a distinet relationstip between the
amplitude o the cyclic variations and the intensity of the
gunsent farmations *o dats from the various ouservatories are
ot ‘n sufficiently goéd .a*'reement between themselves to exrlain

. @ .
relatively small differences in intensity in the foliowin- cycles.

On the

143 1

! e 3=
LOT in

component for all the 63 years (almost 6 s-lar ¢ ¢! repre sent
a simple wave of suf{icientiy regular form with an amplitudes of
approximately 17 ganmas (Table 8 and Figure 6).

- 26 -
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Let us also fouch on the problem of the dep endence of the
amplitude- of the variation A H on the 1oqa1 latitude. In view of
the avi:"eﬂt connéction between the cyclic 1ll-years variaticns with
the so-r:allead "post perturbation" of the magnat.ic field, one would
expect their ampli udes to increass-with diminishing reomaznetic
latitude (with the exrepti:.n of fhe polar zone, whers ihe depandencs
is moré complicated). (The. ecmanetic latitude is the latitude

measured not from the zeographic but from 1‘;!7,6 s?eoma;;rnetic aquator,

The geomagnet.ic equator is the great circle on the surface of the
earth located §0° away from the . as;nesti.c roles.) In fact, the
a}ﬂr}litudes in .3'1-'3!101.“1!1 and .5‘13 Dera-Duna are a app Ar')xmabeJy twice
;kfsﬂlarge As the amplitudes .n Z.Snir;:’;?rad, 3verdlovsk, and Jitka,
oAsver, wit‘g'in the moderate latitudes in the territor of tie
USSR nrie does nct see such an incrsase n ampliBude southwards
Lérzimra.d, -3verdlovek, Iricutsk, and Kazan' give almost ecial

s

amplitudes, and in Tbilisi the amrlit des are sven smailer than at

the northern DbSF?T‘.’atQ;’ies'. Sin-e the.cur e of varisztion of H

in ™ilisi 15 -enerally in little apr-ement with th* other cur-es,

na?"d?* anythma can; te saen f'r"n‘ the sma’] alue of the Thilisi

" amplitudes to indicate s:me local aromaly, and one srwoulJ rataer
'aHr* bute to random ”’c"r* t3-in observatiops or 1= methods of
analysis.  In gensral, in p. -'srmt—da measureont a ::urac{y, from
the rneasuraments of ’hhe maznetic field 1t can be asgumed tgh‘a~
Tabla ) mnresfanbs sufs iciently wall the cyclxc ~variations of the
norizontal comnonants for 1678-19L0 over the entire territory of u

tiwe. USSR south of the sixtietti parallel,

For tre .last decade it is i .possible tor subtrac:t ths cyclie

. Variations, using the method of the sliding ll-year averages

descm‘ced ‘above, but it is- ossibla to carry out avprox mate calculations
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using empirical equati-ns employing the connection with the numoer

of sunspots or wit: the magnetic activity

B S0
“H = 22-13u-16C

whereby H is expmséed in vammas and iz referred to the 50° -go=

magnetic latitude, -

Cyclic Variations of Inclinatibn

The agréem.ent of t‘neAb'ycs‘!i'c variations of inclinati-n (Table L)
at the various nbser:vatorie§ is just as evf.c‘i?nlt as the &greement
in the horizonmta! component. The variations of these ? slements of
the magnetic field are auite similar t':;“ each other, but their signs
are onposite, a3 the solar ani magentic activity increase, the

inclinztion increases, while the horizontal. con-onent decreases.

The average weirhted r;su}:t (Table 7, nd Figure o) is
obtained for the Inclination in a manner sﬁrzilar to that
deseribed above for thé horimontal component, with tie following
“few differences. ‘Tld;e Iricitsk data ware taken with a weight of
0.24 all the time; the value of -th'e. inclination was corrected
enly for 1913, 7« the Sver*dlpvs:sk?data 2 years were corrected --
1905 and 1906 (both were ‘r-é:r‘-laced with the average for 190k
and 1907)s The da'a prior fo 1567 wers discarded, and for
the yearanl?ﬁ'f»‘l”@l r"\'ﬂ_fomly-éecreasing,cozjrectiems (from 2,0

"in 1787 to 0 in 1797) were ‘n‘v'.roqluced',' “o between 1745 and 1887

there is a break in the inclination a".“.o,'.-rnt.inez to approximately L.lL'.

“.The Kazan' qdétlaa, prior to 1930 were subjected to double smoothing,

rather than singla smoothing as employed for the horizontal component.

. The sgreement between the "I and the . H (inverted) cur es
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in Figure S is quite good, partlecularly since 1490, It must be
noted that this agreement may be due to a considerable extent to
tle fact that the inclination and the horizontal componeni is

related by an equation of the form Higl =2,

The average anplitude of the ll-year fluctuaticn in the

inclination amounts to one angular minute,

Cyclic Variations of the Declination

The ovrrall picture of the cyelic variations of the de-
clination {Table 5) is not as clear, although the declination
can be measured simpler and more accurately than other elements of
the magnetic field. Owing to the low accurac , it was necessary
t~ discard only the old observation in 3verdlovsk (o the middle
1580's) and the Kazan' observations rrior to tie removal of the
observatory to Zaymishche. The remaining data are more or less
in ssreement with the course of 2 at the observatories cioseu,
the exception of Irkutsk. The Lening ad and Sverdlovsk
curves are in considerabls agreement with each other., Quite
noticeable is the agreement of the variations in the dsciination
in Kazan' and those in 3verdlovsk, The Toilisi curve is in
sufficiently good a.reement with that of Kazan', with the exception
of 193 and 1937. But 1f Tbilisi and Leningrad are directly
compared, the observed agreement is much smaller, Unlike H and
I, the cyclic variations of the declination are not global
in character, but are more rerional, and the farther apart the
comrared points, the lass the a-reement between the declination
variati-ns. The utter lack of a-reement of the Irkutsk curve
wit! the remaining can also ! e related to the great distance between

Irkutsk an: a1l the othar observatories under consideration.
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It is nocessary to consider the Irkutsk curve with greater atiention.
The large zigzas on it hetwee 192l and 1934 undouwbtedly indicates
a hreak in the uniformity of the observations of the declination
about 1928, The arch of 1907-1911 is probatly also due to short-
com'n-s 'n otservat ons. The rema’ning rortion of the Irkutsk
curve represents rather small oscillations and leads to the
assumriion that the actual cyclic variations .f the declination
are snall or even nonexistent in Irkutsk. This circumsta

favors the assumrtion that the vector of the magnetic field of the
cyclic variations like the vector of th: “rosteperiurbat:on”
field, is parallel to the yecmagnetic axis of the earth. Under
such an assumption, the amplivud's = the cyclic variat ons of

the dzelination should be praortional, ctner conditions veling
equaly %o the sine of the angle betwsen the magnetic and gecmagnetic
meridians of a given rsint, and the angle bhetwsen these meridians
is only ons de-ree in Irkutsk, but reaches 1 <-zr-es in Thbilisi,
2% degrees in Kazan', and 26 decrees in Sverdiovsk and Ieninsrad.
Tet us alsc note that in all © of the observatories considared
ahove the north of the magnetic nsedle deflecis to the east of

the meomametic meridian, and thswefore the sign of the variation
of the fsel'nation stouls be the same at all these observatoriss,
ard a rositive sign (i.e., defl ct! n of the needle to the east)
should correspond to a reduced value of the horizcntal component,
whils a nezative sign should corraspend to a hicher value. The

increase in the horizontal conponent by 10 zammas

to a wastward change in the deciinat:on by 1.1 minutes in Leningzrad
@

and only 0.0L m nutes in Irkutsk. All these consequsnces that follow
from the fact that the fiela of the cyclic variations is parallsl
to the direction of the geomagnetic axis are in general confirmed.

It must be noted, however, that the hases of the oscillatisns of

- -
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the declination and of the horizontal component far from exhibit

ag clsar an agreement as occurs betwassn the inclination and the
horizontal component, The averaged curve »f the declinat ion
variation shown in Figure 5 (using Leningrad, Sverdlovsi, Kazan',
and Tbilisi data, equally weizhted) shows s s.mewhat l:sser

agreement with the course of ths sunspot numbers, and a considerably
lesser asresment with the

is shown by .he curves of the variations of ~ H and I.

Cyclic Variations of the Vertical Zomponent

It is impossible to estaslish an agreement betwsen the cyclic
variations o the verticel component (Table 6) cbtained at different
observatories., Only since 1920 does one note a curtain arreement
between the curves of the 2 better observatoriss, leningrad and
Sverdlovsk. Fandom fluctuations ave larps an! the s-ival variation

7 are maske< by these fluctvatinns. The a:curacy with which
7 is measured at the present time is s%ill inadequate “or a

study of cyclic variations.
Conclusions

1. In middle latitudes (LO degrees - 60 degrees) tie ampli-
tudes of the li-year maetic variations are small, on the order
of 1 minute in nid D and 10 gammas in H; the vari:
in Z are even s-aller, and it is iwpossible to detect thew
with assurance, owing to the inaéeQuate accuracy of the measurement

of the verticsl comnonent,

2. The cyclic magnetic variations agroe with the course of
the sunspot activit of the sun, but they show an even greater

agreement with the course o the -eomagnet c activity.
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3, The most regular are the variations of fand TI. Their
raurse, for the period 1878-19L0 over the entire territor. of the
73SR (with the exception of the polar rezion) can be satlisfactorily
vepresented by Table 6, for ths effect of the -esmagneiic latitude

1itude of the variati-ns is still unnoticea le within

Lo The magnitude of the var:atien of I der-nds
angle between th: maznetic and zecmagnetic meridians, the
proving the correctness of the assumpiion tiat the vsctor
field of the cyelic variatinns ig parallel to tie direcui:

rgomagnetic axis,

g, With increasiny s~lar a ¢ magnetic activity, the horizor-
tal e-mponent decreases, ths inciination increases, an¢ the declina-
ti-n changes in such a way that the angle between the direction

of the magnetic needle and the se~magnetic msridian incres

In conclusion, lat us notics that the fact that th- cyclic
variations in ¥ and also in T as otserved in different obser-
vatories are not in full azreement, probably not only because of
the inaccuracy ‘n observations, but als~ - =cause o other factors

wiich are stil® unclnaar.

the
sevaral observatories was aenalyzzd by fitting a sacoth curve to
the orserved s-cular trend., The results ob:tainsd are clearly
unsatisfactory at the ends of the time interval taken, for they
contradict tie course of the gsolar sctivity, varticularly after
193k, Comparison of the results cited in the above book with those

given above are clear evidence in “avor of the method of the sliding

1l=-vear averages.
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It 15 appropriate tc remark hsre that the materials collected
in that book {31) concerning the cyclic variations, using data from
20 chservatories located at gecmaznetic latitudes from 60.0 to
-h6.7° rroves that the cyclic variations of + at all these latitudes

havs the sams fors and in principle differ only in amplitude.

CHAPTER 1I. LONC-PIRIOT T2OMAGNGTIC VARTATION

Until recently it was assumod that the psriodie variation
s* the terrestrial marmatiss witi the lonzast period is the annual
variati~n. The cyelic variations whicl' were discussed sbove do
not seem to be ricorously periodic, inasmueh as th duration of
one cyele is not scual %o that of anothere In addition, solar-
dinrnaland lunar-diuvnal periodic variations were -nown, as uere
various manifestations of magnetic activit +that can not be classi-
fied periodic variations. l'lowsver; a careful study of many
average monthly values of the magnetic slements has recently
iisclinsed still another variatiun of peri odic cnaracter haviang
a periad on the order of 2 years (17). This variation is

in this account the "1 ng-period zeomagnetic variations.”

The long-psriod -esmagnetic variations are separated in the
following manner, Usins successive monthly-averege values of a
magnetic elsment, ons fnrms ? ssriss of averagss:s one series is ithat
of the 12-month average and is a »eneralization of a seriss of annual
averased, and the other series is that of the 2L-month averags.

Tet us 2¥vlain the sequance b which these ? series are formed.

aining to 12 months of a single year,

yield upon averagi a quantity which we call Gl‘ Next, 12 monthly

averares, pertaining to February through Tecember of the given year

and to January of the next year, yield a quantity w.ich we shall

- 33 -
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denote Gy, Wext, 12 monthl. averages, starting with that belonging
to March through Dscember, and in addition to January and ['ebruary

of the followlng year, form the quantity G3, etce The series of

quantities Gl’ G?’ GB’ etc are conveniently called the series of

suecaessive sliding 1?-month averages. In a similar mammer one
forms also the sscond series of sliding 2u-month averases. It is
easy to check that if the crantities Gl are rsferred to vhe first
day of the month, then the 2L-month avera-es siould alsc be
referred to the first days of the month. The guantities Gl must
avidently be assumed as {ree of the effects of the annual variations,
and differences between the 2lL-month and 1P-month averages, referred
corras ondinzly o t e sa e .nstants of sime, : ould ce caused by
the long-period variation. Thus, § e long-perion var.ations we €

arm ned from the data of yeznet ¢ otuarvatories:
¥ tutsk, sverdlovsk, Yazan', Triruusk, T
all onhservatories, w th the exs ntlon of Yakuisik, the long-psriod

211 7 geomagnetic slecents (D, 7y
™ and for Yakvisk only for b: G, H, %, Yo Tn all

observainries tre monthly valy of the lonz-per'cd variations
were determined from January 193% throuth December 1947, ise., for

ernsacutive years.

Table ¢ ¢ ntains the valuss of the long-period variations,
determined as explained auove, Frum an exasination of the date
eonta’ned in this table, it is evident that the long-period
variation has an amplitu.e uvp to 8 gasmas in i, up to 15 gamuas in
Z, and approximately 1 angular minute .n the daclinat.on, with
the amplitudes of the remaininz el-ments iwving correspond:ng values,
Tn addition, it is evident from Table 9 that the period of variation

is not exactly 24 months, and it is possible that it is somewhat

-3 -
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larger. The latter conclusion is confirmed by an examinatisn of
Table 10, which gives tie 2L-month variations averaged for the
ontire 11 years. In fact, the averaging of ¢ % series of values
for the variation leads to a considerable raducticn in the
amrlitudes of the variation, Howaver, on the other haund, the
agreenent between the shape of the average variation in many
ohservatories is further correcvoration of the actual existence
o¢ the long-period variation inder consideration, Particularly
clear is the agreenent vehwsen the snaps of the variation in the

glements i and X,

The data of Table 10 are repeated in Figures 7, ¥, and 9,
and this fac! itates comparison of .he data of all the observatories.
¥o.t noticeable, in azditisn to the similarity between H and X
variztions in all the ouservatories, is ine dep-nieace of the

in U and ¥ on the atsolute value of the declination.

Tn conclusion, let us remark that the long-period variation,

according to re-ently-prudlishad results {17}, does not or

within the earth !probably in the atmosphere).

CHAPTAR ITI. ANNUAL OECMAGY TIC VAFTATIONS

The annual variatinns of the earth's magnet
periodic chanves in the earth's magnetic field, having a period
of one year. The sequence, for exaaple, of the monthly average
values of any macnetic element represents the annusl variations
of this c¢lement at the given locaticn, superimrosed on the
(Here the values of the cyclic and long-

pariod variations are neglected, for they change but little over
several neighboring months.) Usin~ certain measures, explained

below, it is possible to separate the secular variations and to

- 35 -
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obtain the annual variations for a given locatdon in & form free
of the secular variztions.

in each place on ea;th the amual variationiihaée a definite
forme. The armual variations contain in first epproximation 2
pericdic components: the annual and the semiannuals The geographic
distribution of the anmual and semiannuzl components differs, and

this hss led many investigstors io the conclusion that the causes

of these 2 componenbs are differente 4% the present time it is

s ackrowledged thet the causes ¢f the annual component

o

universall;

<

are the cyclic variations of the illuminetion conditions in the
earth's atmospheres; &nd the ceuses of the semlanmusl component

are the semiammual veriations of the magnetic activity. Thus,

M : N * . s " - s N
the causes of "the annual component are admittealy connected with

in the conditions under which the wave radiation of the

stin dffects the earth's atmosphere, and the causes of the semi-

‘annual component ere admittedly connected to changes in conditions

under which the corpuscular resaiation of.the sun affects the earth.

The literature devoted to the problem of the annual veriation
is scante. hecently works by V. I. ifsnas'yeva (1), (2), were
published, &nd in acdition a sumnary of the data on the anmual

®

varistions is given in graphic form in an American work (31).

he contents of these works,

4

e shell notAdwell_on & digcussion of
for we:give Eelow sﬁfficiently full informetion concerning the
forﬁ and'maénitudé of the anmudl veriations, so as to permit
diép§nsing Qith oiher referencqs wgfn solving the majority of
practical Rroblems; Lata on the aﬁnual varistions, given below,
are obtained from materials of observetion made in 11 middle-
latitude magnetic observatories 1® the USSh, principally from

- 36 -
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1938 through 1948, The list of these 11 observatcries is given

in Table Y together with information on what materials from

. which year were usad for each observatory. .

-
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average values of the magnetic elements give the annual variations
superimnosed on the seeular variations, Many methods are used to

separate the annual Variations from the secular ones. In this

work we empioy a method that apeses with that explained in the

- . work by Yu. D. Kalinin {12). We assume that for sach magnetic
slement: In any n'th month the annual variation is the deviation
of the average monthly value of the element from :he a.v.erav__e obhained
] for 2 time Interval twelve months lonz, the canter of which
coincides with the start of the n.'th month, The"efm'e,‘ tie

obszervation matarials from the magnetic elenents were used ‘o

form series of

b

12-month avera s (each such averags is
efarred to a t'me coinciding with the start of sne of the months,
since the avsraging interval ecntains an even nmumber of months),
and the deviations of the individual monthly averages were deter-
nined from the values of the corresponding averages for the 12 .
monthly intervals, This yielded t};-s annual \(ariaéians in the

. northern component (X), eastern component (Y), ‘vertical component
(2), declination (1), horizontal component ({}; inclination (I),
and the total intansii:.y (7Y averages 'i‘ar.* allthe years, as well
as individual values for yeaz:s_of high and low solar activity.
The tables gnd the diagrams zive the values o%‘ the annual variations

inHy ¥y Yo Z, and F in gammas, and those of the decl ' nation

The annusal variations for years of varying s>lar activity

were calculated to determine the dependence of the annual variations

- 37 -
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on the 1zvel of the solar activity, inasmuch as it is known that

the annual, variaticqns dep nd on the solar activity.

-
- .
Form of Annual Yariations -
- t The restlts ob alned make possible z description of the

annual variations for the latitude belt from L0 to 60 dezrees
- . novth,
. The annual variation in H is in the form of a double wave.

Tts principal amimum oceurs in June, “he s:condar. in lecsmuers

nox months, March through April

: The minima oecur dur‘ng the e
and jeptenber through Ociobers Neithar the form ror the magnitude
- change nntiéaably within the latitude belt of L0=-60 degrees north.
® : : !a‘fxen the sclar éctivity chanses from the minirmum to the nazim &
Lovel within the activity eycle under consideration, the anmal
varist’«,rv’nl ‘n H near]_.y doublss in awpiitude. Tue annusl variation
in ! is presented ‘n Tableg 11, 12, 13, and in Figure 10.

@
ar to the annual varia-

The anrual variation in ¥
tin if H in form and in character of the variations witiin the
cyele of solgr activitye The ammual variation in X is represented

in Tables 11, 12, and 13,

The annual var’ation in the declination is alsc in the

£srm of a double wave, In those places on the earth's surface where

the declination i3 to the sésn, the maxima of the double wave
oceur in Mareh and October, while the minima occur in June~July and

December-January., In 'places where the deelinatlon is to the west,
on the nther- hand. the mayima occur in June-July and Decembare

Jan :ry, and the minira in March and October. The annual variations
of the dec{i_nat;izn exnibit clearly the dependence of both in the

form and amplitude of these variations con the average value of the
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declination in a given peint. This Jerendence is clearly seen, by

arranging the graphs of the annual variations of the declination

from several observatories in accordance with the numerical value
of the angle of declination or the an 3 en the mazpevic and
-gomarnetic meridians. The depencence of the amplitude of the
annual variation of thes declinabion cn the numerical value of the
dsclination can be expressed by thz following equation

A=35"4+D: 60
wrere A is tle amplitude in angular minutes, i the declination in
anrular - inutes, and 5 is a constant guantity. The annual variation
in the dselination depends ¢nly insizniflcantly on the lavel of the
srlar activity. Tie annual variation in the declination is rresented

in Takles 11, 17, and 13 and in Figure 1l.

The annual variation in ¥ also "as the for: of a double
with maxima in March and 3apbewber-Ociober, and minima in
, and December-Ja nuary. The amplitude of the annual variabil
i: very small, and in different obsevvatories it varies from
2 camnas at low snlar activity to 9 gasmas at hiin solar activity
The anplitude of the annual variation in Y depends on the value
of ¥ similarly as the amplitude of the annual ariation in the

declination depsnds on the averase valus of L.

The dependence noted above of the amplitude and shape of
the annual variations of declination . and eastern component Y
on the average values of I and Y can be interpreted as the
rasult of the fact that the field of the amual variations is
in general directed along the axis of the carti's uniform ma:meti-
zatirn. An inerease in the intensity of this field causes the
direction of the vector of the magnetic field to approach the

directinn parallel to the axis of the homogeneous earth's magnetizat ion,
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The amnual variation in Y is represented in Tables 11, 12,
and 13, The annual variatisn in Z has the shape of a double wave
with a principal minimum in June-July and a second minimum in

Dacember-Jaruury, with th  maxima in March and september-Octover.

-

The annual variaticn in Z changes 1ittls with latitude in
the torritory of the USSR, The annual variati-n ‘n 2 %as a
~aximu~ amplitvde in Irkvisk and Tbilisi, both with respect to the
average obtained by 1l years obsearvations, as well as for ths
years ‘n which the solar activity is high or low. The amplitude of
the annual variatien In Z inersases insiznificantly with increasing
solar activity. The annual variation £ is represented in Tables

11, 12, and 13, as well as in “igure 12.

The annual variation in the inclination has the shape of a
double wave with a prineipal minimum in June-July and a second
minimum in ecember-Janu-.ry; tue max ma ocrur in March and
sevtember-October, the same as for the annual variation in Z.

The derendence of the annual variation in I on the latitude,
within the range of latitudes from 60° to L0°, is insimificant,

qut a eertain inersase in amplitude is noted at southern latitudes.

The dependence on the solar zctivity is clearly pronounced.
Tn years of high solar activity the amplitudes are 2 or 3 times
grea'er than in vears of low solar activity. The annual variation

in T is vepresented in Tebles 11, 12, and 13,

If we examine the annual variation in F as averaged over
11 years, i- can be said that it has the shape of a double wave.

For years of high and low solar activity, the form of the annual

variation in F is noticeably distinct and differs from the fom
(-7

of the 1l-year average. This may be caused in part by the fact

- L0 -
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that for years f high and low solar activity a smaller number

of years is used to compute the annual vari ation in F,

The arplitude of the annuel variation in F changes very little

with 1atit.uds,‘ increasing insignificantly southward,

The amplitude of the annual variation in F depends little
on the lovel of the solar activity. The anausl variation in F

is represented in Tables 11, 12, and 13, as well as in Fi,ure 13.

Refer-nce {1) mentionsd sbove contains informeiicn concerning
tie annual variations not only for the territory of the USSE. It
coniains a description of the zsograrhic distribution of the annual
variati-ns for all the latitudes of the sarth's sphere. It is
noted ‘n partic:lar that at hivh latitudes the annual variatisns
n the “nrthe~n component (and consec ently also in tie rorizontal,
as a fi-st anproximation) have the form of a simple annual wave,
and tris form is rerlaced by a double wave at latitudes close to
the so-called zone of maximum magnetic activity. The autuor did
not nbserve thereby an ingrease in the amplitude o
variztions near the equator, as was noted by American investirators
(21), Tie anmusl variations of the sastern component are small at
all latitudes. It is noted with respect to the annual variations
of the vertical component that at equatorial latitudes it is small
and that in the southern hemisphere it has a form that is the
veverse of the form for the corresionding latitudes of the northern

hemisvhere.

Tinmmnd

P ittt

The solar activit' varied dering the time period of observa-
tions (from 1938 through 1948) from the years of winimum solar acti. ity

to the years of the maximum within relatively very large limits.

-1 -
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The average relative number of sunspots W for the minlaum years
1943 and 19Lk was 12.3; for the meximu: years 1738, 1947, and

1948 it was 132.L, i.8., the relative nmier of suns ots changed
oy 10 times from the minimum years to the maximum ysars. ihe
anmplitudes of the annuzl variations in H and in I during tzs period
under consideration increased from years of low solar activity o
the years of hich activity by 2 tims, i.e., by approximately 1V
gammas, owever there is no sense in examining in detail the
changes in the annual variations as a function of %; since their
individual changes in individual y=:ars a-e considerably ireater

tran the changes relas~d to the lewal of 3nlar activity.

Extent to whieh tle Annual Var.ation, Obtained by Averagin: the

Data for 11 Years, Fepresent tie Annual ‘ar ation for a 3ingle Year

To answer the questinn to what exbtent the annual variations
averagec over a number of years rapresent the annual variations for
an individual y-ar, a determination was mace of the greatest
amounts by wrich tie snnu:l averages deviate in individual munths,
fron such csalculations
ware csrried cut for the elaments i, Z, and F, for wnich the

annual variati>ns have the maximum value.

It is evident from Tables 1L and 15 that the mest that the
annual variation of an individual year deviates from the average
annual variation is on the order of the annual variation itself,
Table 16 represents the maximum values that the annual variations
in ", Z, and F deviate from the average annual variation avera: ed

over many years, and also the averazes of the maximum deviations

for each o servatory and for all observatories., Tris table leads

to tre conclusion tiat the annual variation for an individual year
in Hy %, and F may dzviate on the average from the many-year average

annual variaticn by ¥ 10 gammas.

- 42 -
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The greatest deviations from the average annual variation

in H, %, and F occur most frequently in January and in February.
y “ Ty

Conelusions

1. The annval variation of all the elements of the magnetic
field (X, ¥, 2, D, H, I) and of the total intensity vector (F)
Fas the shape of a double wave with ext-ema at the equinoxes and

solsticesg,

2. The principal maxim:m of the annusl rariations in H
and in X oceurs ‘n June, the sacondar: maximmm ocours in Decanber,
the minima occur in March and October-3eptem .er; the fall minimum
is sreater in a-solute magnitude; the values are nearly zero in

April-iiay and Auzust-September,

As opposed to H and ¥, the annual veriations of Z and I have
their principal minimus in June-July and thair secondar one in
“ecember-Janvary; the maxima of Marc: and Octobar are approximately
scual in magnitude. The values of the annual variation of D are

close to zero in Aoril-June in middle latitudes,

3. The extrema of the annual variations do not shift in a

definite nanner from month to month with changing solar activity,

L. Tie magnitudes of the positlve and nezative extremal
deviations from zero occurring in the annual variations can

be assuwed to be equal in each element,

5. The values of the annual variations in Hy 2y I, and F

» Augusi and Sepiember, and this is

true for any level of solar activity,

6. It follows from the above that the monthly averages for

- L3 -
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fpril-May or August-September differ frim the average annual

valuas only becavse of the sscrlar variations.

7. WYithin the limiis of the U3SE at latitudes from 60
to 0% it is po.sible to assume tirat the annual variations in
H, 2, Fy X, and I are constant in for and that their gnitude is

independent oi the coordinates of the locality.

8, The depencence of tie annuzl variations on the golar
activit: is most pronouncsd in H, I, and X anpd is less proncunced

in 7, P, D, and Y.

9. The annual variations in H and 7 change approximately
by a factor of 2 with changing solar activity, eouivalent to
approximately 19 gammas n absoluie value. This cnangze is

the 1inits of those changes ‘n annual variations

which are o!served at equal levels of solar wsctivity.

1%, The annual variations in Y ave small ’‘n magnitud

{on the order of 2 to 7 gammas).

11. The annual variations in the deelinabion .egend on the

incal value of the masnetic declination.

12. The annual variations obiained as averages for 11 years
of observations ¢ :aracterize the annual variations for individual

vears, with the averarze ‘eviation ranging within ¥10 gammas.

CHAPTER IV. SOLAR-DIURNAL GEO¥AGNETIC VARTATIONS

The solar-diurnal geomagnetic variations are the periodie
changes in the sarth's ma netic field, having & psricd equal to the
solar day. There exist also Junar-diurnal zeomagnetic variations,

but they are so small, that their studr is of interest only {or

-l -
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certain theoretical problems. In this hancbook we give no data ab
all on the lunar-diurnal variations, For ths sake of brevity the
solar~diurnal geomagnetic variations are frequantly called daily

varistionse

Fach modern masnstic obuservatory, as has already been
mentionsd in the introduction, records continususly (usually
rhotosrarhieally) the changes in the maznetic field with time,

Tre photorraphic £ilm containing the record for an individual day
i5 callad the magnetozran {s=e Fizures 3 and k)., If the da s are
sufficiently free from magnetic disturbances, a simple examination
of the magnstogra: permits discerning the daily variations.

Tn this case they are also noted in many a sraze hourly valuss

of magnetic elements, dstermined from the magneiogran. selecting
during ons month sevaral days free of magnetic distur snc~s and
obta ning the average values of the daily -ariations from the dats
for these da s, one obtains the so-called daily varistions for
cuist dayse It is possible, on the other hand, to sslect during
the month several days ~ith magnetic disturbances and to obtain
the average values of the daily variations for these days; so-called
"distnrbed" in the magnetic sense. Tn this case one obtains the
da‘ly variations for disturied days., The shapes of the daily
variations for guiet days an: for disturbed da s are genserally

different. The laws which they cbey (for example, the geographic

distribution) are also different, and the daily variations

for quiet days ancd the physical naturs of the daily variations

for distwbed days is also different.

In practice it is customary to select in each month the 5
days most free from magnetic disturbances (quiet days) and the

5 days during which the magnetic disturvances are a maximum (disturoced

- L5 -
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days). On the other hand, if the dally variations are determined
by averaging the data for all days within a single cal=ndar month,

the daily variaticns obtained in this manner are customarily

called the daily variations for all dayse

in,low and 21ddle laditudes, ‘i.e., where tﬁé macrnetic
disturbancea are relativelf snmall, the daily variations for all
" days are vcry elcsa to the daily variations for qu;et days. In
high latitudes (particularly in the north) i.8., where the magnetic
disturbanee is relatively high, the daily vqriétions for all days
' are elosein shawe and in masnitude to the dally variations for

uried days.

Cuist and disturbed days arse usually sel=cted in acco-dance
with the date of a zroun of magnetic observatories. It turns out
frequently in this case that in days assu-ed b the =ajority of
ahaervatories o be cuiet, the m}‘netic figld at high-latitude

onserv=taries 1s not cvist, rut disturded.

An analysis of the laws to which the daily variations for
aquiet deys are subjecied at low and middls-lstitude observatoriss
bag lad to the coneclusion that these daily variations are caused
tiv machanicsl motion of layers of atnosphere, located at an altitude
-n the erder of 100 km aiove the surface of the sarth. These
1ayer§ {ionosphare) are ionized under the influence of the ulira-
.viélet radiat n from the sun and are good eleciric conductors.
The moti-n of these lsyers ih the permanent magnetic field of the
earth_inauces.in them electric currents. The magnetic field of
these cprr;nts is the griacipal component of the field of the
. daily variations ;n qu et days. The direction and the strength

of the induced currents deyehds on the conditions under which the

earth's atmosphere is illuminated b; the sun. Therefore, the

- Wb =
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daily variations for quiet days in middle and low geographic latitudes
depend on the zeopraphic latitudes, on the local time of the day,

and on the time of the year, In addition, inasmuch as tie ionizing
force of the liphts fram the sun changes during the ll-year cycle

of svlar activit , these variaticns cepsnd also on thez level of

sclar activity (3),

The daily variatlona for quiet days in low and middle lati-
tudes are usually called the cuiet daily vari-tions, This nave
is not appliud te the daily vapiations for cuiet da s
latitudes, for thare ths carth's ma nstic field is not

maenstic cisturi ance even in auiet da:s.

During disturcances in zemeral, an: in distur éd days in
partieular, the dally variabions are caused Ly electric currents
nrodiced in the earth atmosphe-e by the corpuscular racdiati-n fron
the sun. The streats of solar r:ar#:icles‘ raach tha sarth from time
to time during its annual 4racel around the sun and ca.se many
reophysical r.hencmena,’ which are given thne unified name of
rarnetoionospheric di:-'.'tu:.": a:ces. of storms. With this, at'high
latitudes, at altitudes of 200-30" ki in ths carth ‘atnosphere,
elmctric cur-eits are developeq, w%xi.ch are several times stroager
than those causing the quie.‘c daily variation. Tn middle and low

latitudes there oeccur at th: same time supplemsntary currents
wéaker than those in high lstitudes, and this produces the so-
callgd disturbed geomarnetic daily variations (see Chapter V for

more deta’ls conceminc them),

Observaiiong do not prrovide an
what occurs with quiet daily variations during the time of magneto-
ionospheric disturbances, but based on the idea that tle wave

radiati-n of the sun, waich causes the quiet variations, does.not

- L7 -
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N

stop during the time of magnelo-ionospheric disturbances, one must
asgure trat the daily variations for quiet days equal the algebraic
sum of the 2 tyres of variations that depend on the locsl time:

quiat daily variations and disturbed daily variations,

This chapter considers in greater detail the daily variations
for quie: da:s and in less detail the daily variation for disturbed
days, using data from the 16 magne".ic observatories !isted in Table 1,
(The daily variations for disturbed days a-ree fundamentally with
the disturb:d daily variations, cnncerning which see Chapter V.)

In order to be able to see the character of ths ¢ependence of the
variati 'n on the level of solar (and muznetic) activity, the
information on the variations is given not onl. as averages for

11 years, bui also separately for years of high mametic activi ty
and years-of low magnetic ac{ivity. To be able to see th: character
of the dependence of the variation on the time of the y ar, infor-
mation concerning the variations are ziven not only as averages

for the year, but also for 2 3sasons, usually employad in the

study of terrestrial mametis , viz., for summer (Hay-Augzust),
uinter‘(Hovember—?‘ebruary;, ani the aquinores (P-’farch—April and

September-Cetober).

Daily Variations of Daclination

The daily variations of the declination (D) in all the

magnetic otservatories of the USSR, starting with the obsarvatory

" of Bukhta Ti..haya and further to the south, have the shape of a

simrie daily nge in quiet days in the summer, In those observatories,
] where the detlination is to the east, the mresence of daily variations
causese the de.clinatian to reach a maximum value at approximately

D800 local time snd the minimum value at approximately 1400 local time

Figure 1, Table 17). In o"servatories where the declination is to

- 48 -
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the wast, the minimum valnes are noted, conversely approximatel,
9 3 J 5

0°00 and the maximum value at approximately 1L00.

In winter in quist days the daily variations of the declination
at all observatoriss from Bukhta Tikhaya and farther south have
the same simple form as in the summer, but their amplitude ls

on the average about L times smaller toan that of the swmwer.

Comparing the daily variations of the declination obtained
in many USSR observatories, starting with the observatory of
Bukh.e Tikhaya and farther to the south, it is cilearly seen
that the stape of the daily variations in the L polar cbservatories
(Pukhta Tikhaya, Mys Chaly: Dikson, an¢ Matochk n Shar),
faving much in ¢ n beiween them, differ shar:ly frx: the shape
of the variati ns at the remaining onservatories farther to the
south, This difference remains in force in all seasnns of the
year, being particularly great in the summer months., Accordinily,
as was already noted, the daily variations in the L above~named
observatories, calculated for quie’ days, turn out neverthelass

not to be the quiet daily variations; but the sum of the quist

vari tions and the disturbed daily variations (see Chapter V).

Tt is importart to emphasize that the northernmost of the existing
observatorles, in which the type of daily variation turns out to be
of the middle-latitude type, is such a northern observatory as

Eukhta Tikhaya.

The daily variations of the dsclination for quiet days .
‘ncrease in amplitude with inecreasing level of tivity (magnetie
and solar), but do not change tieir shape In all observatories,
without e*-»cap’cion,'including also the ki northermnmost ones (see Figures
1R and 19, Tablaes 20 and 21), 1In 311 observatories from Srednikan

and Yakutsk and further to the south the amplitucas of the daily

L9 -
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variations of the declination in years of low activity do not

exceed 13' for the more northerly of these observatories, and

2% at the most southerly of the observatories. Iuring years

of high activity the amplitudes increase to 18' and S' respectively.

4%t high latitudes, the amplitudes in deys which are quiet by

middle-latitude standards are greater than the amplitudes of ithe

varistion for the middle-latitude observatories by L to 5 times.

However, as the activity level varies within the ll-year cycle

ne larpe changes are observed in the amplitudes at the high-latitude
instead of 12 to $8' in yesrs of low activity, the

amplitudes are 1y to 92! in years of high activity).
Y Y

The deily veriations for disturbed days (Table 26 and 27)
at all observatories from the most southerly (loshikent) to Yakutsk
differ very little from the deily variations for quiet days and
heve amplitudes ranging from L minutes at the south to 2v minutes
in the north (in Yakuisk). Cnly in the remaining more northerly
cbservatories dees the shape of the daily veriations for disturbed
days differ substantially from the shape of the daily variations
for guiet days. At these 6 northern observatories the maximum cf
the eastern declinaticn in disturbed days occurs on the average &t
aprroximately 0600 local time and the minimum occurs at approximately
1600 to 2000. At these northern observetories the amplitude in
disturbed days is furthermore 3 to L times greater than the amplitude

in quiet days.

The shape and amplitudes of the variations for disturbed days
change little w;th changing level of magnetic and solar activity,
increzsing with the activity level. In years of low activity the
amplitudes at various observatories range from L8 to %70 minutes,
and in years of high activity they range from 4B to 176 minutes

(Tables 26 and 27).

-50 -
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Daily Variations of Horizontal Component

The most characteristic feature of the daily variations of
horizontal component (1) for quiet days in the summer and in the
equino-es at all o.servatories, starting with the o: servatory of
“ukhta Tikhaya and further to the south, is a minimum occurrinz
in mid-day of local mean time (Figure 1% and Table 17), At
southern observatories (Vladivostok, Tbilisi, Tashkent) still
another characteristic feature is added to this, viz., a secondary
minimm (less deep) at approximately 1700 to 1f00. In the winter
the daily variations of # for qulet days are considersbly smaller
at all obuservatories tlan in the summer (amplitud‘ss are smaller

by 3 to L times),

Just as with respect to the variations of the declination,
the observatories of Bukhta Tikhaya, Mys Chelyuskin, Dikson, and
Matochkin 3ha~ form a separate group. At these o' servataries the
dally variations of the horizontal coiponsnt have even in quiet days
a form of & doubls wave with a maximm in the mornin: and evening

hours. The amplitudes at these observatories are 3 to L times

greater tian those at the more southerly observatories,

The daily variations of the horizontal component for disturbed
days differ in a definite manner in almost all the observatories under
consideration from the daily variations for quiet days (Tablaes 28
and 29). Particularly great is the dif erence at the observatoriss
from Uelar{ and farther to the north. A certain similarity remains
only at the o .servatories of Yakutsk, Sverdlovsk, and Kazan', and
at the more southerly observatories the daily variations for disturbed
days differ alsc in many faatures from the corrssnonding variations
for q'iet days. For the more northerly observatories the disturbed

days are cha=acterized by a minimum in the iours past midnight

-5 -
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and a maximum at approximately 1800. For nore southerly observatories
the disturbed days are characterized in the winter months by a
maximum during the morning hours and a wminimum in the evening hours,
and in the summer by a maximum in the forenoon hours an¢ a minimum

immadiately after noon.

With increasing sctivity level (nagnetic and soiar) ire s ape
of the daily variations of ¥ ¢ g ays chan:es but little at
tie middle-latitude and northern observatories. The amplitudes
of the variations increase somewhat. At the polar ouservatories,
to tre contrary, the avnlitude decreases somewhat with increasing
activity (see Tigures 21 and 22 and Tables 2? :nd ?3). In middle
latitudes ‘n years f low activity the amplitudes are 7 to 40
fammas, and in ysars of high activities they ave & to 74 zammas.

Tn high lotitudss the respective amplitudes are Lk to 80 gammas
in years of low activity and 27 to 77 sammas in years of high

activity,

The daily variations for disturbed days increase s.rewhat
in amplitude with increasing level of mzinetle setivity, maintaining
their form at hish lztitudes, but in middie and low latituces the
increase in amplitude i acconpanied by a noticeable change in
the form of the variati-n (Tables 28 and 29), At high latitudes
during years of low magnetic activity the amplitudes at various

chservatories range from 90 t Lo? "anmas, and in years of high

activity they range from 50 to L60 zammas.

In middle and scuthern latitudes the respective aaplitudes

are 1% to 58 gammas in years of 1oy activit: and 25 to 109 zammas
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Within the latitude belt consider>d in this hsndbnox, the
@

daily variations of the vertiecal compenents for quiet days have csriain
characteristic shapes (Figures 16, 22, 23; Tables 19, 2L, 25). Ons
form 13 observed in the observatories from Tashkent to Teningrad,
viz., a simple da’ly wave with a maximum before noon and a minimum
s ortly after noon. The amplitudss of this form of variation are
greatest in the south and smallest in the north (Leningrad). In the
Bukhta Tikhaya observatory ons observes another form: a winimwm at
approximately 0600 and a maximum after noon. In the Matochkin Shar
and Dikson observatories one cbserves thie so-called transition in
the forn of a double wave, while in Bukhta likhaya one o.serves

tre form of a complicated curve with a principcl maximum in toe
after—midn? ht hours and a -inimum bhefors midnirht. These principal
forms replace each other gradualiy in the intermediate nsservatoriss
{Yakutsk~Uelen). The summer amplitudes are 3 times greater than
tie winter amplitudes in the middle and southsrn latitude ob er-

vatories and are almost the :ame at hizh latitudes.

The variations for disturbad days (Tables 30, 31) are in
asreement with the variations for quiet days only at the most southern
obszervatories: Tashkent, Tbilisi, and Odessa, At all othsr observa-
tories these 2 types of variations differ noticeably both in shape and
in amplitude, whereby the amplitude is on the average 3 times greater
in disturbed days in middle latitude and 9 times greater at high
latitude. Very pronounced are the changes in the shapes of the dally
variations for disturbed da s with changing activity level (magnetic
and solar). It is characteri.tic that in the Moscow, Kazan', sverdlovsk,
and Lan ngrad observatories in years of high activity the shape of
the variations for disturbed da s becomes identical wit: the shape
of these variations for years of low activity at the more northerly

observatories (Uslen), and in the case of the more northerly observatories

-53.
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(UVelen and farther to the north) during the transition from years
of low activity to ysars of high activity, the amplitudes of varia-
tions for disturbed dsys change little and even decrease in scme

observatories,

Tn middle latitudes during years of low magnetic activiby
the amplitudes of the variations for quiet days ars L to 16 gawmasy
and in years of high activity they are 6 to 25 gavmas., At high
latitudes they are 20 to 29 ~ammas in years of lnw activities and

15 to 70 gaxmas in ysars of high activity.

The anplitudes of variations for disturbed days in years of
low ascbivityr ave 9 to 35 =armas in middle 1stitudes and 103 to 05
zanmas &% high latitudes, while the vasp ntive values for yoars of

25 we

=2

Hgh set’vity are 1k o 128 vammas in middle lstitudes and

1% pamwmas at high latitudes.

Daily Variet on of the Total Intensity

{This section was prepared at the Main Georhysical Cuservatory

by Z. . Fuznetsova.)

Recent years have s:en a development of work on aercomagnetic
photography of the modulus of the total intensity of the earth's
m gnetic field 7 In connection with this an interest arose in the
varistions of the total intensity © and in particular in the daily

variations of the total 'ntensity,

Within the confines of the U3SR the daily variations of the
total intensity have a sreat similarity to tle dail variations of
the vertical component. In the observatories from Tashkent to
Leningrad the daily variations of the total intensity, averaged for

quiet days, have the shape of a simple wave in which the amplitudes

-8l -
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around mid-day are decreased rel:tive to the daily-a.erage values
(Fipure 17 and Table 32). The amplitude is close to 20 gammas,
In the summer the amplitude is somewhat grea er (approximately 30
‘ammas); in the winter it is som-what less (approximately 10 gammas).
north from Leninzrad the shape of the
varisztions fTor quiet da s is more complicated. The shapes of the
variations in the Tiksi and M's Ch lyuskin ovservatories are approxi-
mately in opposition (decreases in one otservatory in ths -alues
of the total intensity correspond during the sams hours to increasas
at the other observatory, and vice versa). Trus, a transition zone,
or a zone of inversion of the shaps of variations, is located cetween

these 2 obssrvatories.

It is known that in normal ionosphere there is nc reason to
attach any particular ¢ ifi a he latitudes between these
observatories, but on tne other hand (see below, Chapters V
threugh VIT) during the t'me of magnstlc cdlstu-cances, the zsne
0" mavimun aurora frequency, or the zmne of maximum magnstic
activity, is a special zone in the earth's variabls magnetic ficld,
Therefare, the complex character o® the daily vari atisns noted
above proves that at the lat!tudes north of the Uelen and Tiksi
observatories the dail: variations of the total intensit: behave even
in oviet days 1like phenomena causaed by corpuscular rather than wave

radiati-n from the sun,

When the level of activity increases, the amplitudes of the
daily variations o the total intensity increase somewhat in quiet
days in middle latitudes anc north of the transition szone, but decresse
in the region of this transition zone., The above is clearly evident

from Figures 2k, 25, 26, and Tables 33, 3L, and 35, ®

Variations for disturbed days remain similar to variations for

quiet days only in the most southerly observatories of the Us3R,

-5 -
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Tashkent, and Tbilisi (Tables ¥, 37). In 2il cther observatories north
of the above 2 the shape 1s quite different, ' It 'Is characteristic
that the trangition tone ls seen alse in'this typs of variation, but

{s mos? ncu.eeable in the data fron thevl'iksi observatory, The Uelen
and Matoehitin Shar observatories form a palr in which the shapes of

the variations are the opposite of each other. Thus, in disturbed dayi .
the reversal in type cecurs at more southerly latitudss than in quiet
days. The amplitudes, wilch differ 1ittlis from the amplitudes of

the variations in qulet days at low latltudes, lncreuse strongl:

in disturbed days in the north, Whz e the amplitudes in the north

are U0 to 60 gammas in quiet days, they ars 250 to 300 gammas in
disturbed days, The dependence of the awplit des on the level of
activity 1s as followst in iow latitudes and in the northern inversion
zones Yie awplliudes increase with: lncreased activity, and in the

transition zone the: decrease somewiat.

The ampli%,udes of the total intensity, depending on th- changes
in magnetic aetivity, are characterized by the following values:
in years of low magnetic activity, in quiet days, the amplitudes
nf the total infensity in middle latitudes ran-e from § to 26
gammass in years of high activity they ranze from 8 to 35 gamas.
In high latitudes in years of low magnetic activity im quiet days
the amplitudes sary from 20 to 65 gammas, andin years of high
magnetic aetivity, from 35 to 110 -ammas, In disturbed days in
years of low magnetic activity the amplitudes of the total intensit;; ’
in middle latitudes have values from 11 to 6L gammas; and in years
of hich aetivity from 13 to 10k zammas, At hich latitudes in years of

s PR Lapldor 3 sdm it o Javes 2
low activitly in similay days th

total intensity range from 150 to 300 gammas, and finally, in years of

high activity, from 230 to 2375 zammas,

Dependence of the Amplitude of the Daily Variations on the Geographic

Latitude
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If we compare the depsndence of the amplitude of the deily
variatlons of the deelination for quiet davs on the gecgraphic
latitude for years of high aetivity {19L7+19L') with the similar
dependence for yéars of low activity (19LL), it can be seen that
wtile the increase in aetivity is accunpaniea by an increase in
amplitude at‘ low and middle latitudes, at hig: latitudes, to the
contrary, an inérﬁase in activity caudes a reduetisn in the amnlitude
(Fi-ure 26), The sane rsl:l-xti.mnahi'p holds also for ampiitudes of

the daily varietions of the deelimation for disturbed days.

The samé‘gonafal rule holds also for the amplitudes of the
daily variations of the«hérizontal component for quiet days, but the
,:rulé is more ecomplicated for the daily varlations of the horizontal
component for disturbed days. In the latter case the zones farther
io the north, in which an increasse in activity is accompanied by
a decrsase in the ampiitudes, pﬁﬁ%e exists another zons, in which,
as in-thm gouthern lét;tﬁdes, an increase in activity is accompanied

by a~ ingrease in amplitudes.

$411) more complica ed is the dependence in the anplitudes
of the variations of the vertical component. Here one notes up to U

different vegions or zones, alternating with each other. In

_ variationd for tha'aisturbed days the rules followed by the amplitudes

of thé'vertical component are even somewhat simpler,

Dependence of the Daily Variations on the Level of the Maznetic Activity

* The fpét that the classification of the ﬁaily variations into
2 t:pes, ;or Gguiet and for.distufbed days, is in.a certzin sense
arbitrar , is seen particul&rlx #well by axanination of the series of
curves in Figur@? 27, 28, 29, %0, 31, and 32, which show the daily
variations of the declination and of the horizontal and vertical com-

ponents for several o!servatories for groups of da;s that are united
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together for similar levels In maznetic activity (having th- same
daily sums of magnetic 10-vall characteristic of ths K index), A
total of 6 groups was formed {for daily sums of the ¥ index 0-9,
10-15, 16-20, 21-25, 26-30, and 31-LS). Tt is clearly seen that with
a pradual increase in tha level of activit:, the shape of the daily
variations also changes -radually from a shape that is characteristic
for ¢uiet da's to a shape tha: is characteristic i'or disturked days.

The chanzes in the am:litudes of ths da‘ly variations are similar,

Charts of Isorrans of Daily Variations for Quiey ays

The attach:d schematic charts (Figures 33 througn 28) show
wits the aid of isograms the dally variations for guisi cays of the
“eclination, horizontal and vertical camponsnts, averaged for the
year and for each of the 3 seas:ns. The ‘etersination has tesn carriec
cut for 11 years, and these charts represent varlations for ths average
lovel of activity. To et an idea of the da'ly variations at &
1stitude at which there is no masmeiic cb.ervatory, it is neecessary ic
nasg ~n tle corrmsponding chart a horizontal ' ns through the reguired
latitudes and read along this line the values of the variation at a
point corr=spondinz to full hours of local time. This natur:lly gives
only a very approximate idea of the variations, but nevertheless it
is the best that can be obtained without data from a magnetic obser-

vatory.

Reference (3), mentionsd above, contains in tabular and graphic

form data on the daily variations for L7 observatories for the year 1933.

These data (particularly the graphs) show v sually the :eneral laws of

the zeographic distribution of the daily variations on a izreat portion
o the marih. Along with the changes of the shape of the variations
with latitude, these da'a can be us:d to get an idea concernin~ the

relative changes of the amplitudes of variations with latitude. The

!
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author of reference (3) characteriges these general laws in the

following words:

#The daily course of declination nas the appeaz ance of

2 sim-le wave witn a maximum (if the =sastern dsclination ig considersd

positive) in the worning hours anc a minimum in the eveninz hours ==

in ol ervatories of the northern hemisphere, and z mini-um in he
morning Lours and a maximum in the even.ng hours -- in o.servatorizs

of the scuthern hemisphere.

The da’ly course of the vertical component is a gimule wave
with a m.pimum in the noon hours in the northern hewisphsre and a
mavirmom in the southern he isphere, The dally course of the ho i=-
zontal component is a simrle wave with a maxim'm in the noon hiours
in a "elt lying approxi ween 30 cegress north
degrees sonch and a minimum to the north and %o ths south oi this
belt, The amp’itudes of the daily ariations reach on the average

s .15
Ot

L0=50 rommas, i.e., anount tn of the walus of the ~arth': per-

manent field,"

CHAPTER ¥, DTSTURETD 3EOMAGNETIC VARIATIONS

nefore presenting the material pertaining to the disturbed
daily geomagnetic variations, let us sxplain as briefly as possible

modern concepts concerning the nature of magnsiic -torms,

Ma netic storms are shary, irregular shapes of oscilla-
tions of the earth's maznetic field both in maznitude and in direction;
these are observed from time to time in magnetlic ob-ervatories,’
Various magnatic storms differ very greatly in duration -- from
several hours to several days. During the time of magnetic

storms the -arth's magnetic fisld fluctuates within several perceniage

- 59 -
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points of its magnituds {the magnetic declination sometimes chan;es
by 1 to 2% in medium latitudes). Observations rave establisned that
magnetic storms start simultansously over tne entire earth's sphere.
Cortain storms segin with a sharp chanse in the figld, well noticeable
on “he magnetozrams, and in such casas i@ time of start of the
storm (sudden start) is quite the same ‘n all the obsarvatories
within the accuracy with whieh the time can be determined on tre
ma-netnsrram, Other storms start eradually { pradual start), but
their start also occurs simuliansously everywhera. iny failure to
reerneile the -radual s arts of cerbain shorms 85 wmeasursc at differ-
ent o serviio Lo
1 af the storn i3 indistinct, Muinetic storms

Turng the time of magneiic sturms

chsmzes ‘n tie horizontal anc vertica: o ~onenbs are suco that

can be said Loe wn

in cprosition to .he field of ine
zone the field of
the storm is suchy thnt 1t can be attributes oriue ipally to &he
~ffect 57 the orizontal electris current, flowing at an altitude

of 1N0-200 km above the earth ‘n the east-west or w:ste-sast direction,

The accepted vresent-day explanation for the magnetic

storms i3 as follows (20)1

As a result of processas, the physical nasure of wihich is

interplanetary space, from the rezions that appesr as groups of

sunspots, streans of particles (atoms, ioms, and slectrons) traveling

- 60 -
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from the sun at a valocity on the order of 1,000 to 2,000 km oer
seeond. At least some of these streams, which rotate together
wit: the sun (which has a period of rotation of arcrroximately 27

days relative to the earth's orbital rotation) reach the earth in

{ts annuel mo ement in its orbit. The sureass, wrich eontain both

positive and nesative aleciric-chargsd rarticles, bscume electrically

nolarized when they approach the sarth, which has a magnetic field.

The electrically charged particles in the strea:s become redistributed.

An annylar electric current is formed arounc the earth; in 1t3

envatorial planes At the same time a porbion of o

the stream, enveloring tha earih, penetrates into the earth

atmosphere. Put since this substance carriss

the earth's maretic fi2ld will deflect this

of the streas towards the ma-nebic poles of the earth and its pene-

tratisn is concentratad in the nolar atitudes.

renetrabing into the earth's atmosphere cause a glow (polar [aurora]
cate alectric currents, which are particulérly strong

1atitudes. The cur ent in the ecuatorial plane of the

earth is lorated outside the earth's atmosphere (at a distance of

20,000 to 30,000 km from the sarth) and produces a magnetic field,

divected in opnositi-=n to Hhe field of the homozeneous m snetiza-

tion of the earth. The ma-netic fields of the currents producad

in the at-osphe~e (in the ionosphere) of the earth ceuse fluctuations

in the maznetic field of the earth, which at first glance are

disordsrly and which cause an infinite variety of magnetic storms.

Inasmuch as currents are roducsd n the atmosphere when
the latter is electrically conducving, owing o
from tie sun, these currents and their corresponding magnetic fields
exhibit a periodieity with local time (since the conductivity

depends on the local time). These atmosvheric electric currents
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sre responsible for the disturbed daily variations, which will be
discussed later in this chapter. The stream (which according to
the generally accepted ideas has near the earth a shape of a
cylinder with a diameter on the order of 1,000 ezrth radii) out-
distances the earth, owing to the difference between the velocity
of the earth's rotation around the sun and the sun's rotation about
its axis, and on the average during a few days after the start of
the storm the earth remains behind the streem, surrounded in the
equatorial plane with a ring of gas made up by the substance of

the stream, which graduslly becomes dissipated in space. Luring
several days the field of the earth greduslly returns to the values
prevailing prior to the storm, as the equatorial current attenuates.
The electric annular current, which attemates gredually with the
scattering of the ring, is responsitle for the speriodic peomagnetic

storm-time varistions described in the following chapter.

Within 27 days, if the streem did not stop existing, it

sgain overtakes the earth and the storm phencuenon repeats.

The streams from the sun fall on the eerth most irequently

in the spring and fall, becsuse during that time the earth is
closest to the plane of the solar equator, about which the most

streams are formed on the sun.

These, in brief, are the modern ideas concerning the nature

of magnetic storms.

The disturbed deily geomagnetic
component of the field of the magnetic storm, and this component
depends principelly on the degree of magnetic activity and on the

locel time, and also has its own characteristic geographic distribution.
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There is an infinite variety in the changes of the =zarth's
magnetic field during the time of strong magnetic storms, btut by
separating from them a repular portion of the disturbance it is
possible to exhibit certain average properties of magnetic variation
during the time of storms. Establishing these average properties
of the field of the storms makes it easier to solve the problem
of finding methods to combat the radio static caused by the storms.
This is why a study of the disturbed daily varistions, in addition
to being of purely theoretical interest, is zlso valusble in
practical problems. The disturbed daily veriations are determined
as the difference between the daily varistions for disturbed days

and the daily varistions for quiet days.

The distu dsily veriations were examined from data of
17 megnetic observatories, located in the geographic latitude belt

from 4O to 80 degrees (see Table 1).

In addition, use was also made of observation msterials for
1938-1948 from middle-latitude observatories ss well as of materiels
for 2 years (one year of high magnetic activity -- 1947 == and one

of low activity == 194L4) from polar observatories.

Given below are the disturbed daily variations of the 3
elements of the earth's magnetic field: declination, horizontal
component, and vertical component, which have the grea est practical
significance. The disturbed daily variations are calculated for

the yeer and for 3 seasons (summer, winter, equinox, i.e., spring

and fall). In addition, we give below the disturbed daily variations

calculated for several categories of days, which are characterized
by different values of the magnetic K-index characteristic for days,
for which the sum of the®eight 3-hour K-indices lies within the

intervals of 10 to 15, 16 to 20, 21 to 25, 26 to 30, and 31 to L5 balls.

- 63 -
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The disturbed daily vsristions for various values of the
sums of the K-index were calculated from data of 3 observatories
for H and Z and from data of 2 observatories for L. By analyzing
the results obtained, using observation material for 11 years,
it was possible to establish that at any given place the disturbed
daily variations remain constant for years of equal activity.
Therefore, only data for years of high and low activity are cited
to show the dependence of the disturbed daily variations on the

level of megnetic activitye

Disturbed Daily Veriation of the Teclination

In middle latitudes the disturbed daily variations of the
Geclination have the shape of a daily wave with one maximum near mid-
night and one minimum near noon (Table 38 and 39, Figures 39 and 4O).
Within the limits of middle latitudes, the magnitude of the variation
incresses with increasing geographic latitude of the location. £t
latitudes of 62 to 66 degrees the shape of variztion experiences a
complete inversion; the greater the activity of the year under
consideration and the farther east is the latitude of the place,
the farther south occurs this inversion (Figures 52 and 53).

Seasonal changes do not affect the shape of the variation in a given
place. The magnitude of the seasonal changes is proportional to

the latitude of the location and is independent of the level of the
magnetic activity. The mobility of the curves of the disturbed
deily variations of the declination increases with increasing

activity.

The amplitude of the variation increases with increasing
geographic latitude of the location (Figure L5 )« The amplitude of

the disturbed daily variations in the declination depends noticeably
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on the magnetic activity only at high latitudes. Ln days with
moderate magnetic activity (according to the 3-ball characteristic
of the day: 2 -- greatly disturhed, 1 -- moderately disturbed,
0 == quiet) the disturbed deily variations of the declination have
values of * 30 minutes in individual hours of the day starting

with latitudes of 60 degrees and farther north (Figures 4bs UT)e

Listurbed Laily Veriations of Horizontal Component

These veriations represent a simple wave with a single meximum
and e single minimum in the day at approximately 1600 and 0500
respectively (iables LO and 41; Figures 41, 42). The cisturted daily
varistions of i experience a double inversion in shepe within the
boundaries of the bSoviet Union; one in the belt of the geographic
letitudes 45 to 60 degrees, the other in the 77 to 79 degree latituce
1o nd -

1+ o " 3 e drmarn Fhes wapis
310y &l maxiiuii il Uhe Vel

latitude

H

The higher the magnetic activity, the umore scuthe

inversion. The inversion also depends on the lengitude of the place:

the greater the longitude, the more goutherly tiie first inversion,

and the smaller the longitude, the more southerly the second inversion
(see Figures 52, 53}. The inversion in the shepe of the variation
depends on the season of the year. In the sunier it occurs at more

southerly latitudes than in the winter and in the equihox.

The greater the mesgnetic activity, the greater the mobility
of the curve of variation. GSeasonal changes_affect both the shape
and the magnitude of the variation. The nmagnitude of the seasonal
differences in the north is closely related to the latitude of the

location: the differences increase within 62 to 73 degrees, and
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decrease above 75 degrees with increasing latitude. Below 62 degrees
the seasonal differences remain constant 'up 1o the southernmost
latitudes of the Loviet L.?nion, maintaining & magm':tude-;- on ‘the order
of 10 to 15 pawas. 1n middle latitudes the megnitude of the
variation amplitude is almost constant. In polar latitudes it

rises sharply up to a latitude of 70 degrees, and then again

diminishese

In yeers of 2ow magnetic activity in the winter and in
equinox the amplitudes of the disturbed deily varistions of H at
polar latitudes are considerably greater then in years of maximum
activity (Figure L5). In years with mocderate characteristic of
magnetic activity the disturbed daily veriations in i have & megnitude
on the order of & 15 pammas (and greater) south of the 45 degree
latitude and north of tne 60 degree latitude. In transition zones,
where the shape of the variation becomes inverted, the disturbed

deily veriations in H sre practically absent (Figpures 48, 4§).

Cisturbed Laily Variations of Vertical Component

The disturbed daily variations of the vertical component re-
present a simple wave with a single maximum and a single minimum
in the day. The mexima and minima oceur at 1700 to 2000 ang 0200
to 0700 respectively in all the letitudes under consideration

{1sbles L2, 43, Figures 43, UL). The form of the variations changes

with the geographic latitudes and experiences at 63 to 65 degrees

a complete inversion. The form of the variations is indepenéient of
the longitude (see Figures 52i 53). “Tg v

large in the north and disappear i‘ullly south of 47 degrees latitude.
The magnitude of the variations increases with increasing magnetic

activity.
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The greater the magnetic activity, the greater the magnitude

of the seasonal chenges. In years of ‘low megnetic activity the

amplitude of the veriabions.increases continuously efarting with
5Q degree letitude to the north, and in years of high magretic

activity the emplitude decreases north of 75 degrees (see Figure 45

In deys of moderate activity the disturbed daily variations
in 2 heve 2 megmitude on the order of $ 20 gemmzs in individuel
houps of the day, only up to a iztitude of 5% degrees (see Figures
50, 51)s Civen below are charts (averase for the year) of the
isoprams of the disturbed daily veriations in H#, Z, and D for deys
with a 3eball characteristic of 2 and 1 (Figures 54 through 56).
70 obtain these veriations for the individual seasons 1t is necessary
to muliiply the data of the isogramns for the year by corresponding

coefficients, located in lable Lke
(onclusions

1. The form of the disturbed daily variations of 3 elements
(B, H, Z2) of the earth's magnetic field is that of a daily wave

with one meximum and one minimum per day.
re

2, The form of the variations remains constant in a given

location for years of equal activity.

3. The form and magnitude of the variations vary in a definite
telationship to the megnetic sctivity.

@

L. Within thé belt of geogrephic latitudes from LO to £0

degrees the form of .the variations depends on thé geographic latitude.

® °
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5. The form of the variation experiences a complete
inversion for the declination and for the vertical component at
a 60 to 62 degree latitude, and for the horizontal component at

latitudes L5 to 60 degrees and 77 to 79 degrees.

6. At any letitude within the belt under considerstion tae
maximum positive and negative deviations of the disturbed daily
variations from the averzge daily values of I:, H, &nd Z are approxi-

mately equal.

7. The amplitudes of the disturked daily variations within
the latituded belt under consideretion increases from the south
to the north from 25 to 350 gammas in M, from 6 to 30C gammass in
Zy and from 2 to 126 minutes in I, and has a substantial value in

deys with mocderate magnetic activity at latitudes north of 60 cdegrees.

te The values of the disturbed daily variations within the

boundaries of the USSKH can be characterized by the following data.

Latitude
max., i maxe i MaxX.
year year year  year

from 4O to 62-66° from & 1.3! t 107 57
to % 5.0 t 15 50 20

62-66° from % 7.0 100

o 0
to 150 £ j0 7

200 + 50 30

north of 66° from 50 50 %70 70
to 250 200 4+ 200 150

In conclusion let us note briefly the most characteristic
features in the geographic distribution of the disturbed daily

variations over the entire earth.
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The field of the disturbed daily variations depends with
greatest definiteness on the latitude. If we examine its distribution
over the entire earth, the dependence is more clearly pronounced with

respect to the peomagnetic rather than the geographic latitude.

The nerthern component (and also in first approximation the
horizontal component) of the variation changes its sign approximately
at the geomegnetic latitude of 72 degrees, and reaches its maximu
velue in the zone where the polar lights have their maximum frequency,
and again chanpes sign near the geomagnetic latitude 55 degree and
becomes very swmall and almost equal in value over all lower latitudes.
This component of the verlation hss its meximum value in the morning

and evening hours.

The eastern comgonent (and in most places also the declination)
of the varistion is large in the polar rerion within the zune of the
maxinmum frequency of polar light, changes its sign in the zone, and

remains small in the remaining latitudes.

The vertical component of the variation is large and has a
pronounced maximum in the morning immediztely within the zone and
a small minimem immedistely outside the zone. There sre also a
meximum and minimum in evening hours, but these are of opposite

b

signs compared with those of the morning. The vertical component
of the variation changes sign at the equator, anc is relatively

small in middle and low latitudes.

The disturbed variations chenge the must with the seasons
in high latitudes, where these yﬁriations are small in the winter

and large in the summer.
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C:APTER V1. %PERIODIC GEOMAGHETIC VARIATIONS

LURING THE TIME OF STORM

8 was already noted in the introcuction, the speriodic
geomagnetic veriations durdng the time of storm ere irequently
called in foreisn litepasture the storm-time varigtion, anc un-
fortunately the hussian literature also calls them so fe
taym" veriations in imitation. It 1s better to call th

the aperiodic peunagnetic veriations in time of storm.

£ descripbion of the aperiodic veristions is conteinec in
2 recently puvlished American work (31); however, the deta glven

there for the USSh territory are very incomplete, end therefore

work can not be recommended ior svudy anc calculatd

sture goes, there has been no such literature on this vroblem s¢ far.

ised in this chapter were observation waterials for 11 years
(1936 to 1948) for middle-letitude magnetic observetories of the
158Kk, and in addition, the materials from the irctic observatories

for a smaller numver of years.

is noted in Chapter V, the aperiodic’ verizstions are a com-

ponent part of the field of the magnetic storm, forming together

with the disturbed daily variation a regular portion of the field

of the magnstic siLOTTI.

To derive the aperiodic variastions, the average hourly values
of the magnetic elements, pertaining to the series of first 28 hours

(3 hours Lefore the storm) of the magnetic hours were taken. Table 1

- 70 =
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indicates the materials from the magnetic observatories employed

telow.

The nagnetic storms are classified by the amplitudes of
changes of the magnetic elements during the time of the storm,
the duration, by the varisbility or "mobility" of the magnetic
elements, and also by the type of their start. Certain storms
start gradually, others suddenly (with a sharp chenge in the value
of the earth's magnetic field). A gradual stari of a storm can
be determined with en accuracy within one hour, while an instan-
taneous one can be determined with an accuracy 1o within one minute,
using the conventional magnetograms, in which one hour corresgonds
to 20 mme sinety-one magnetic storus witn sudden sterts v
recorded during 1338 to 19u4l. These storms are the cnes

to caleulste the aperiodic variations cescrited below.

sach of these storms was classified in one of 3 catepories

oderste, intense, anc very intense storms) principally in accordance
the emplitudes of the storms
cre calculated for

of storms end in addition calculations were made not ornly for the
averages of all the storms (yezr), but separately fur sturms occurr-
ing during the winter (Jenuary, February, lovember, December),
summer (iay, June, July, August) and equinox (iiarch, April, September,
October). The number of storms for which data were used in these
calculations characterizes the degree of comparability of various
results (Table 45). In addition, to obtain the most comparable
results for middle latitudes, the aperiodic variations were calculat-
ed for various categories of storms from the same number of storms,

with the exception of the aperiodic variations over all 3 categories
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of storms for the Vladivostock observatory, end with the exception

of the aperiodic veriations for very intense storms for Yakutsk.

These types of aperiodic veriations were obtained with less plentiful
materiale Particular care was taken in the calculation of the
apericdic variations from data of the Arctic observatories to check

the validity of the results, and for this purpose the aperiodic
variations were calculated not only for all the storms, but individual-
1y for the odd and even storms (all storms were numbered in sequence),
and also for 2 groups of storms, one cuntaining all storms numbered

1 tc 25, the other all rmumbered 26 to LY.

The ueuzl menner of computing the aperiodic verictions,
known in the litersture, is as followse. (ne aeversgec the oObserved
marnetic variations (average hourly values of the magnetic element)
for & sufficiently large number of magnetic storms, whereby the
aversring is carried out over time measured from the stert of the
storme Une averapes the data on all the storms pertaining to the
hour prior to the start of the storm, tw the firsi hour of each
storm, to the second hour of each storm, etc. 'lne Iirst average
of course pertains to the hour prior to the start of the storm
{toc the zero hour of the storm), the second to the first hour of
the storm, the third to the second hour, etc. This method is based
on the fact that storms begin at all different times as mezsured by
local time, and if one uses the described method of averaging of
the data of a large number of storms, the beginning of which occurs

at different hours of the day, all other magnetic variations (quiet,

disturbed, etc) are eliminated from the averages.

The information cited here on the aperiodic variations are

based on results obtained in a different manner: the quiet and
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disturbed daily veriations were first eliminated from the data of
the observations pertaining to the individual storm, and the
remainders, perteining to different storus, but to identical hours

counted from the start of the storm, were then averagede.

This method made it possible to determine satisfactorily the
aperiodic variations by analyzing a smaller number of storms than

required for the first method.

1t wes beken into account in these .alculations thet the
disturbed daily variations added to the quiet Gaily veristions equal
the daily veriations for disturbed days. Thereiore, the aperiodic
variations were determined by subtracting the corresponding daily
variations for disturbed days from the data pertaining to the
indivicual storms. The resulting remainders were then aversged
with respect to time measured from the sitert of the storme This
yielded the storm-time variaticns for all middle-latitude observa=

tories. 40 obtein the aperiodic variation of the nigh-latitude

observatories, the disturbed daily variations averaged for 1937

were eliminated from the average hourly values of the storm-time

elements. The gquiet dsily variations, teinp relatively small at
high latitudes compared with the disturbed daily variations, were

disregarded.

/e shall not cwell in detail on a description of the aperiodic
veristions in all the elements (D, H, %, X, Y), since the tables
and particularly the graphs are sufficiently self-evident. Let
us note only the very essential features in the morphology and

geographic distribution of the aperiodic variations.
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The most characteristic in shape and significant in
magnitude is the variation in the horizontal component (H) of the
earth's magnetic field. The aperiodic variations in H have the
following form (figure 57, Tables 47 through 50): in low and middle
latitudes at the start of the storm (1 to 2 hours) it increases
compared with its velue prevailing prior to the storme Then, &
repid decrease in i during 5 to 7 hours, chaenging into a slow
decrease, which continues approximately another 15 hours, and
within 22 to 2L hours after the start of the storm (atter reaching
the values that are simallest compared with those prior to the
storm) I begins a gradual return to the values prior to the storme
This return extends for several days,; and since the returns are
usually limited to a period during which the irregular fluctuations
of the field, comprising the so-called irregular portion of the
storm field, are noted, this gradual return is seen even in days
that are quiet in the magnetic sense, in the form of the so-called
noncyelic magnetic veriation. In other words, the noncyclic magnetic
varistion is that aperiodic variation that occurs outside the time
limits of the magnetic storm. In this handbook the noncyclic
variation is utterly disregarded, and the description of the aperiodic
variations is limited to the first 28 and sometimes to the first 52

hours of the magneiic stormi.

Tables 55 and 56 give the extremal values and amplitudes of
the aperiodic variations in H for ell the observatories. The form
of the stormetime variations in H changes sharply in the transition
through the latitudes of the zone of maximum magnetic activity or
the zone of maximum frequency of polar lights (in the transition

through the geomagnetic latitude of*67 degrees). This change in
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form is evident not only in the aperiodic variations averaged over
many storms, but also in the aperiodic variations celculzted by us

for individual storms.

The form of the aperiodic variations in the vertical com-
pornent (Figure 59, Tables 51 and 52) in middle latitude is the
inverse of the form of the aperiodic veriations in H. Even at the
geomagnetic latitude of 50 deprees the form of the aperiodic
veriations in Z becomes more complicated, and it can no longer be
considered as the inverse of that in H, since it is characterized
in the average vy z decrease in the velues during 10 hours from
the start of the storm and then by zn increzse in the values of Z,
exceeding the values prior to the storm. While the form of the

aperiodic variations in Z remains unchanged in lower latitudes up

to the geomagnetic latitude of LU degrees for all categbries of

storms end for zll seasons, this picture changes sterting with the
LO degree geomagnetic latitudes. Particularly unique is the form
of the aperiodic variations in 7 during the time of very intense

storms.

Tables 57 and 58 give the characteristic quantities for the

aperiodic variations in the vertical component.

The amplitude of the aperiodic variations in the declination
(D) does not exceed 14 anguler minutes at all latitudes from
Yakutsk southward. The form and magnitude of the change in the
aperiodic variations depends on the value of D at the location of
the observatory. This dependence is particularly clearly seen
if the curves of the aperiodic variations for the various observ-
atories are arranged in order corresponding to the magnitude of

the angle {Jbetween the magnetic and geomagnetic meridians, i.e.,
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in the following order: Yakutsk (W= s degrees), Vlsdivostok

(~18 degrees), Irkutsk (1 degree), Tashkent (1L degrees), Tbilisi

(18 degrees), Kazan (25 degrees), sverdlovsk (26 degrees) (see

Figure 605 Tebies 53 and 54). The forms of the aperiedic variations
in X and ¥ are similar to those of H and D respéctively‘(Tables

61 through 6L).

(Let us recall that the direction of the magnetic meridian
is that direction in which is located the horizontal component of
the earth's magnetic field in a given loczlity, while the peomegnetic
meridian is a great circle passing through the given point and the
2 geomagnetic poles, the northern end southern. The systemstization

of the curves Dgy with respect to &0 wss proposed by L. Go ilansurova. )

The forms of the aperiodic variations of the horizontal com=-
ponent were interpolated graphically for every 5 degrees of geo-
megnetic latitude. The results are shuun in Table 65 and Figure 61.
The use of this table is recommended for the determination of the

.
aperiodic variations in H & latitudes, st which there are

no magnetic observatories.

In spite of the relatively complicated method of deter-
mining the storm-time variation, there is no doubt that it is
an actual component part of the field of the magnetic storm, and
not a result of formsl calculations. The magnetograms show a
clear presence of the aperiodic variation (in particular in H)
of the form described sbove in many s@orms.' Hohever, it must be
- indicated that the rapid and on first giance disorderly fluctuations
of'the earth's magnetic field, occurring during the time of storms
and forming the third component portion of the field of the storm

(its irregular portion) mask the presence of the aperiodic variations,
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particularly.at high latitudes (and espsci%}ly in the Arctic),

»
to such an extent that it becomes understandable why certain

Anvestigators do not accept the aperiodic variations as being a

real portion of the field of the storm.

Ii follows from the graphs of the aperiodic variations that
the magnitude (amplitude) of the aperiodic variations depends in
a definite manner on the magnetic activity (intensity of the storm).
The form of the aperiodic variations of the magnetic-field components
is sufficiently stable, as follows from an examinetion of the data
for individual seasons and storm categorieé, and changes only some-
what with the latitude. 7The dependence on the geomagnetic latitude
is simpler than that on the geographice The simplest dependence
of the aperiodic variations is that on the anrle &) between the

magnetic and geomagnetic meridiznse.

CHAPTER VII. MAGNETIC ACTIVITY

Concepts from the field of problems of magnetic and solar
activity were already encountered several times in the preceding
chepters of this handbooke It was indicated that the physical
causes of the cyclic variations (Chapter I) can be due only to
changes in the solar activity. It was noted that the causes of the
semiannual component of the anmual variations are assumed to be the
semianmal variations of the magnetic activity (Chapter III).
Later, some information was given concerning the dependence of the
anmal variations on the solar activity.‘ in the chapter devoted
to the solar~daily variations, the material concerning these
variations was given for 2 categories of days: quiet, i.e., with

& 1ow level of magnetic activity, and disturbed, i.e., with a high
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level of magnetic activity (Chapter IV). Aittention was called in
the same chapier to the question of the dependence of the daily
variations on the level of the magnetic activity. Finally, 2
chapters (V and VL) are entirely devoted to 2 types of regular
geomagnetic veriations (disturbed daily end aperiodic storm-time),
forming jointly the regular portion of the field of magnetic storms,

the strongest manifestations of magnetic activity.

Thus, one encounters the phenomena of megnetic activity in
the consideration of almost all known regulsr geomagnetic variations.
In the preceding exposition, however, we did not encounter a
definition of this concept, which was descrited indirectly and
partially. For further exposition it is necessary to give a

definition of this concept.

it can be defined in such a manner: The magnetic activity
or disturtance is thal aggregate of changes in the esrth's magnetic

field, which is caused by corpuscular radistion from the sun.

Since magnetic activity is totally sbsent only in a relative-
ly small number of days (and according to some opinions it is never
absent at all) it follows that the earth is almost continuously
under the influence of the corpuscular radiation from the sun.
Therefore, the corpuscular streams, which cause the magnetic storms,
as explained above, must te recognized as the strongest manifestation
of the corpuscular radiation of the sun, assuming that even when the
earth is outside the streams, its magnetic field interacts with the

less dense clouds of solar corpuscules.

»
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We must immediately call attention to one very important
feature of the magnetic activity. If we consider, for example,
the daily geomagnetic variations for quiet days, we can always
choose at least a few such days, for which the daily variations
are clearly notlcesble even on the magnetograms, Therefore, the
form of these variations, found by averaging and expressed by means
of the graph, is a sufficiently close representation of these
variations. The same;, with some modification, can be said concern-
ing the annual variations: being calculated, they are sufficiently
well represented by suitable graph or tzble. The changes in the
megnetic field produced by the corpuscular radiation from the sun,
i.e., the megnetic activity, are so veriocus in form and megnitude,
that they are practicelly impossible t0 describe by some sort of
averaging of the curves of the magnetograms or of the tzbles of
the average hourly values. oSuch tables, upon proper analysis,
can yield material on the regular portion on the field of the magnetic

storms (on the disturbed daily variations or on the aperiodic storm-

time variatipns), but this regular portion fer from exhausts the

entire variety of manifestalions of magnetic activity. This is why,
for already a long time, one employs in the description and study

of magnetic activily the so-called "magnetic characteristics." The
principal purpose of magnetic characteristics is to permit a quanti-
tative study of the laws of magnetic activity. Many various magnetic

characteristics were proposed at different times.

A relstive estimate of the magnetic activity for various years
can be obtained by comparing the mumber of magnetic storms during
these years. This simple method is coarse, but nevertheless it makes
possible discerning the presence of periodic rises and falls in

magnetic activity, closely corresponding to the ll-year pericdi
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fluctuations in the number of sunspots. The chsracteristic proposed
by N. P. Ben'kova takes into sccount not only the number but also
the intensity of the storms:

D = 1,5 + LN, + BN,
where Ny, Np, and N3 denote the annual number of moderate, intense,
and very intense stormsy respectively. The coefficients in front
of them are chosen approximately proportional to the average zmplitudes
of the storms of the 3 mentioned categories. This characteristic,
as well as the snnual number of storms itself, is suitable for estimat-
ing the magnetic activity only for large time intervals, not less

than one ye&re.

gnotner means of estimating is based on determining the
veriability of the average Geily values of the norizontal component
4. The chenges from one day to another are summed, without regard
to the sign, for the entire estimate interval, for exemple a month,
and sre avereged. The aversge c¢ay-to-day verisbility u(H), expressed
in gammas, charzcterizes the magnetic sctivity in the time interval
under consideration, since other day-to-dey changes, due to other
recsons (secular trend), are negligible. The disturbing magnetic
field of the streams of solar corpuscules that move in space near
the earth may have a variety of orientations st any given time,
but on the average it must orient itself along the geomagnetic axis.
One can deduce from this that at various points of the earth the
veriability of the horizontal component from day to day should be
proportionsl to the cosine of the angleﬁ between the directions

of the horizontal component and that of the geomagnetic axis. In

this case the value of u(h‘)/cos,g should be uniform everywhere and

should serve not as a local, but as a world (planetary, or global)
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characteristic of magnetic activity. Lt is known as the u-measure

and in practice is calculated from the following equation

0.1 u(H) s
cos:pcos((f‘: D)

4
~He

where (Jis tne geomagnetic latitude of the observatory,gl’the angle
between the geomagnetic and geographic meridians, u(H) the day-to-day
variability in 4 in gemmas; the coefficient 0.1 is used to make the

u-necsure expressible in mumbers on the order of unity.

ixperience in using this charzcteristic has shown that the
results of cslculating the u-messure from dute of various observatories
in moderste snd low latitudes sre in suificlently good agreement,

tut this agreement is strongly violated in polar observetories (11).

Fhe values of the u-measure for each month, starting with
1872, were calculsted by Bartels. snmual values were calculated
also for earlier years (starting with 1635), although in an indirect
manner (2L). The advantage of the u-measure is its objectivity;
its shortcoming is thet it can not bLe applied to evaluate the

activities of individual cays, and generally, of short time intervals.

The simplest method of evaluating the magnetic activity of
an individual day is to review the magnetograms and estimate by eye
the waviness of the record line for the field components using the
following approximate scale, consisting of only 3 steps:

Balls
0
disturbed 1

Greatly disturbed
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Due to the fact that the magnetic activity changes over
a very wide range, the breakdown of the days into the above 3
types involves no perticular difficulties and requires no great
experience; however, the estimates made by different persons with

identical magnetograms mey differ quite frequently.

The method described, in spite of its subjectivity, has
found wide application. It turned out that the number
estimated for the days in different observatories frequently agree
quite well with each other, and tne averare of the estimates of
several dozens of magnetic observatories over the entire earth
sphere, caleulatea with an accuracy to within 0.1 ball, can be
taken as a global characteristic of the magnetic activity of the
particuler day. such averape “international ball characteristics,"
according to the resolution of the International Ceodetic and
Ceophysical Union, were published by the Dutch Heteorological
Institute and are available for every day, sterting 1 January 1890
(27). The daily ball characteristics from 10-15 magnetic observato=
ries of the USSR ere regularly prepered in the USSK by the Scientific

nesearch Institute for Terrestrial Hegnetism.

The 3-ball chearacteristics are good for the investigation
of chenges in activity from day t0 day; they have also been success=
fully applied to shorter intervals. Thus, hourly 3-ball character-
istics were required to study the daily course of the magnetic

activity (10, 16).

The subjectivity of the 3~ball scale does not guarantee uniform

estimates over long periods of time, because even the same person is
inclined to assign a different pumber of balls to the same level of

sctivity and different sections of the 1l-year cycle of activity,
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and also because with time it becomes necessary to change personnel,
equipmenty and the number of participating observatories. Comparison
of ball characteristics for time intervals that are far apart gives

therefore less relisble results.

A new characteristic of megnetic activity, called the ¥X-inde

(25) was proposed about the year 1939. Thanks to its objectivity

and to the greater subdivision of the scale, which contains 10

balls from O to §, the K-index is preferable to the 3-ball charac-
teristic, in spite uf a certain complexity and artificielity in the
method used to obtain this index. The K-index is suitable to the
evaluation of sufficiently short interval, viz., 3 hours. We

shell describe here the method of determining the s~-index only in
main outlines: details can be found in an article by Ne Pe Len'kova

().

4 3-hour interval is separated on the magnetogram, and one
finds within it the amplitude & of the fluctuations due o the
activity of the nepnetic field. The fluctustions resulting from
the normsl daily course should be disregarded, since they do not
pertain to the mapnetic activity. The amplitude k 1s thereifore
cetermined as the difference between the maximun and minimum
deviations of the recording from the normal curve of the quiet
daily course in the selected 3-hour interval. Having determined
the amplitudes of all 3 components of the field and having expressed
them in gammas, one selects the highest one, and a conversion is
made from the highest velues to the K-index using a special scale.
This scale varies with the observatory. Initially it was given

for the Nimek observatory in the following form:
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Amplitude K in gammas K-index .
from O to 4 0
5 9
10 19
20 39
40 69
119
199
329
499
500

The scale is approximeiely logarithmic in its middie portion;
at the start of the scsle the index increases by one when the amplitude

doubles; at the end of the scale the index increases by one when the

amplitude is increased by 1-1/2 times.

vince the amplitudes of the disturbances in general increase
from the equator towards the polsr zones, it becomes necessary, in
order to obtain uniform values of the X-index (so as to impart to
it a value of a global rather than a local characteristic), to
extend or compress proportionally the scale given above by multiply-
ing all the numbers in the amplitude column by a suitable number
selected for each observatory. Thus, for Tashkent, the amplitude
boundaries of a1l the balls are reduced in a 3:5 rstio, and the
lower boundary of ball 9 is assumed to be 300 and not 500 gammas.
The scales of the K-index adopted for the Ubbk observatories are

ghown in Table 69.
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The uneveness in the steps of the K-index scale, which
broaden towards the top, is advantageous: this uneveness takes
into account the fsct thet disturbances having large amplitudes
are considerably less frequent than those with smell amplitudes.

At the same time, however, the uneveness of the scale makes obscure
the sense of the average values and makes it difficult to compare
any statistical calculations. In view of this, the suthor of the
X~index has suggested the calculation of the daily index not by
simply averaging the eight 3-hour indices, but using 2 more
comglicated menner. However, thie complication was not adopted

in practice.

The following tables employ only the u-measure, the 3-ball
characteristic, and the K~index, described sbove. Other mezsures
for geomagnetic activity, in addition tc the widely used cnes

described ahove, were also proposed.

4 certain idea concerning the disturbances of the magnetic
field during the day is obteined from the daily amplitudes of the
fluctuations of its components or from some combination of these
amplitudes. Such, for example, is the "rumerical magnetic charac-

teristic," proposed by Mitchell:

HRH + ZRZ

wiere the quantities H and Z and their daily amplitudes Rq and RZ

are expressed in gammas. Ubservatories recording the component

TR, + ZRz) /10,000, The numerical magnetic characteristic does

not make it possible to estimate the activity of time intervals

shorter than a daye In addition, it mixes up 2 different phenomena,
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since the daily course is calculated in this chsracteristic in an

equal manner with the magnetic activity.

The effect of the normal daily course can be eliminated in

quite a simgle manner, using the "absolute storminess® proposed by

Birkeland and calculsted for any fisld component, and representing
the average of the absolute values of the deviations of the individual
hourly values from the average values for the same hour, obtained

for several quiet days within the same month.

Fo 1. Ousev (9) proposed that the lengths of the curve on
the magnetogram be messured for esch hour end compered with the
length s; of the curve of the normal course for the same hour.

The quantity w = 52 - sg cheracterizes the activity for that hour.

A. P Nikol'skiy used the length of the curve on the record of the

nagnetic declination (17) as a measure for the activity.

The Tashkent magnetic observatory has been employing since
1941 the rate of change of the horizontal component as an objective

messure of activity (14).

The variety and imperfections of the activity characteristics
makes difficult comparison and generalization of varicus investigations.
Not one of the characteristics gives the full picture cf the magnetic
activity. The results obtained with the aid of different character-
istics sometimes contradict each other, particulerly with respect to
details of the geographic distribution of magnetic activity, and its
daily and sessonel behaviors. It is énough to recall that the hour-
to-hour variability of H, which is the basis of the u~-measure, decreases
with increasing distance from the equator, while the 3-hour amplitudes,

which ere the basis of the K-index, increase.
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The sesrch for & mezsure Of sctivity which would give a suf-

ficiently full description of magnetic activity is still an unsolved

problem.

Principal Features of viagnetic Activity

The most general and relisble conclusion from the numercus
investigations of the megnetic ectivity is the presence of & connection
between the activity and the solsr activity. Une oi the manifestations
of the latter is the approximately periocic fiuctuztion in the munber
of spots appearing on the surfece of the sun. The periocd of this
phenomenon is on the aversge 11 yesrse. The saue period is clearly
seen in the magnetic activity: everywhere on the esrth's sphere th
magnetic disturbances become more frequent in yesrs with large mumbers
of sunspots and become less frequent in yesrs with small mumbers of
spots. The mexizum of marnetic sctivity usually occurs 1 or 2 years

after the meximum of the sunspois.

The cheracteristic feature of the magnetic sctivity is the
already-noted tendency for the storms to repeat at approximstely equal
time intervsls, corresponding to the apparent rotstion of the sun
stout its axis, ile€es approximately 27 days. Evidently, the repetition
of the disturbances is related 1o the fact that every 27 days the
same region of the golar surface is turmed towards the earth ().

The question of the 27-day repetitiveness of the storms will be
considered in detail below on the basis of materizls contained in a

storm catalogue, compiled for this handbooke

The seasonal fluctuations of the geomagnetic activity exhibit
a pronounced semiannual wave with maxima near the equinoxes and

minima near the solstices. Two explsnations are proposed for this
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ghenomencr. 1lhe angle between lhe direction of motlon of the
corpuscules flowing from the sun to the earth and the geomagnetic
axis may reach 90 degrees close to the equinox and diminish towards
the solstices. The megnituce of this angle affecte the depth of
penetration of the corpuscules into tne earth' magnetic field ~--
the "equinox eftect." The second explanation proposes that the
intensity of the corpuscular rediation from the sun is smaller

in the plane of its equator then in the sunspot zones located on
voth sides of the equator. The earth intersects the plane of the
solar equator twice a year, approxinetely on the fifth cof June and
fifth of Tecember. The minime of the geomagnetic activity should
be observed durins that time. The observed phese of the semiznmual
wave corresponds apparently more closely to the first explanation.

It is possitle that toth causes are in operablon.

45 & result of the ellipticity of the earth orbit, it is
closest to the sun in the beginning of Jamery. Luring that time
the solar rediation incident on the earth's sphere is 6% greater than
during the maximum distance from the sun, in the beginning of dJulye.
Consequently, the magnetic activity should be higher. However,
this fluctustion is easily masked by others in view of its slight

value.

The geographic distribution of the magnetic activity is in
general outlines symmetrical with respect to the geomagnetic
equator. The maximum sctivity is observed in the 2 above-mentioned

anmuler zones st peomsgnetic lstitudes of approximately 68 to 70 south

& &
and north. The activity diminishes slightly from these gzones towards

the magnetic poles. The activity diminishes towards the middle

latitudes, first very strongly, but then more slowly from the 60 degree
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latitude to the equator. Vhen the magnetic activity increases
during the storm time, the radius of the atove-inentioned annclar
zZones increases, l.e., they become somewhat wider and so to speak

shift towards the lower latitudes.

The changes in activity et all the observatories of the
moderate and low latitudes exhibit e close perallelism, while the
zgreement between these changes and the course of activity st the
polar observatories is not very great. Ihe same holds for the
distribution of activity over the time of the dey, i.e.; the deaily
course of the activity represents a more homugeneous picture in
moderste and low letitudes, differing cons.derslly from thei for

poler latitudes.

The delly course of the megnretic sctivity hes been a subject
of many investigations, but it ie ciificult to compare them because
of the veriety in the mezsures oi ach sployed.  The most

complete summery is contained in the work by . F. Sen'lova (§).

ixamining the daily course of the nepnetic activity in

moderate latitudes, one can note that the cobserved distribution of

sctivity over the hours of the day depends on the local solsr time:

merning hours are quieter, and afternoon and evening hours are more
disturbted. Attempts were made to subdivide the daily course of the
magnetic activity into 2 portions: one depending on the local time,
the other on the world time; these attempts however have not yielded

any conclusive results to date.

The type of the daily course of magnetic activity depends on
the sezson: the maximum activity occurs in the summer in afternoon
hours, and in the winter at the start of the evening; there is a

less noticeasble shift in the minimum of activity. Close to the

Sanitized Copy Approved for Release 2010/07/13 : CIA-RDP81-01043R000400040009-0



Sanitized Cop roved for Release 2010/07/13 : CIA-RDP81-01043R000400040009-0

equinoxes there is a relatively rapld trans®tion from the summer

type of caily course to the winter type and vice versa.

The level of activity exerts a certain influence on the form
of the ceily course: its amplitude increases in grestly disturbed
days, end this increase is more noticesble in the winter than in
the summer. The daily course of activity is weakly pronounced in
the quietest days, and its form chenges considersbly, for the
verisbility of the normal delly course of the megnetic field, not
being releted to the fluctuations of the corpusculer recistion of
the sun, becomes more noticeeble in the absence oi disturbances,

and therefore the maximum activity shifts lowerds mid-Cay
Y

Y“he effect of the geopraphic locality on the deily course
of the activity manifesis itself in e certain lag in the mexdnmum

end minimem with incressing letltude. this is © sharascter of

the daily course of activity in moderaie latitudes.

in the equatorial zone the maximus of the daily course of
activity is observed near noon, and the minimum early in the morning

or evening. In some places one observes z secondary evening meximume

The peculiarities o¢f the daily course of activity in polar

A

regions have not yet been sufficiently studied (8, 16). Above the

78-degree geomagnetic latitude it represents a simple wave with
a daily maximum, end between 70 and 78 degrees a transition type
occurs with 2 mexima. The seasonal changes in the course are large
and differ even in closely-located stations. in the summer the
course approximates in form e simple wave with a daily maximum,
in the winter a double wave with a lower amplitude and an unstable

forme
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Hagnetic Activity in 1938-19u8 4s Per Lata of Magnetic Characteristics

We already noted in the introduction that the 1938-1946 period
covers the second half of one cycle of magnetic and solar activity
and the first half of the next cycle. This is clearly seen from
consideration of Table 66, wnich contains a series of averaged
annual characteristics of magnetic and solar activity. It must
be noted thset of the 4 magnetic-activity cheracteristics tabulated
in this table, the ll-yesr cyclic nature is shown most clearly by
2, viz., the number of magnetic storms and the u-measure. The
average ennual values of the 3-ball characteristic and ¢f the XK-index

is less clear, but still exhibits this cyclic nature.

In Tables 67 and 68 are gatherec the average monthly values
of the 3=-ball characteristics, averared over 10U magnetic observatories
of the US5K (in Table 67, from data of these middle-latitude observ-
atories, and in Table 68, the same quentities; converted by multiply-

ing with an experimentally-deteriined coefficient to a level corre-

sponding to the average values of the dzta of 16 observatories cf

the USSE, including the 6 at high latitudes). In sddition, the
same tables contain the average values of the cheracteristics for

3 seesons of the year and for the yearly averagee.

-

fable 69 gives the values i imit the K-9 ball

for many observatories of the USSK.

Table 70 gives the anmal course of the magnetic activity
from average monthly values of the K-index for 3 observatories

(Srednikan, Kazan®, Tashkent).
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Table 72 conteins the averege monthly values of the K-index,
derived from the data of these 3 observatories (for which the

fullest data are available).

The aversge values of the i-index fur indivicual cbservatories
and the corresponding averaged 3-hour amplitudes of the magnetic
disturbances are given in Table 70, reduced to the ll-year period
of 1938-1948. Table 69 shows the ruwber of yesrs used in each

observatory and also the K-index scale adopied.

The annual course of the megnetic activity is given in Teblie
71 and rigure 75 in the furm of smoothed deviations of the monthly
values of the heindex from the averspe znnusl values as & whole
for the ll-year period, separately for crednikov, Xazen', and Tashkent,
and alsc as the common average for these 3 observetories. The smooth~
ing was carried out using an equation of the following form.

;0 e (a3 + 2ag + aj),

applied to 3 consecutive values of the devistions of the K-index
(a_l; agi a1 Jo let us note that this very method of smoothing
is used in many subsequent tebles, the headings of which indicate
that the data are smoothed. The average seasonzl deviations are
given for the 3 thirds of the year mentioned above: winter (Jarmary,
February, lovember, December), equinox (March, April, September,
October), and summer (iday, June, July, August). Tables 73 and T4
and Figures 73 and 74 show the annpal course of the magnetic activity
for the average values of the K-index for 5 most quiet and 5 most
disturbed days in the month. The typical double-peak curve with
maxima at the equinoxes gives everywhere only the course for the
disturbed days (Table 74 and Figure 7L), whereby its amplitude

exceeds approximately by 2 times the amplitude of the anmual course
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for all the days (Table 71). The ennual course for guiet days
(Table 73 and Figure 73) is of another type, being somewhat
different at different observatories: in Yazan', Tashkent, and
Tbilisi it has & very small amplitude, but in the majority of the
ubservatories it exhibits a single summer meximum and & single

winter minimum; the equinox maxime in it are hardly noticeable.

The daily course of the magnetic activity is also uneven
in quiet and disturbed deys. It is represented in the form of
the deviations of the i-index for the 3~hour intervals from the
averaged deily value. The daily course cver all deys is given for
3 observatories having complete series of data {Srecnikov, Kazan?,
Teshkent) in Table 75, fu, 93, and in Fipures 62, 64, 6&. The
daily courses for the 5 quietest and 5 mest cdisturbed days in the
month are given in Tebles 76~83, 85-92; 9i-94, and Figures 63, 6,
66, 67, 69-T2 for 9 cbservatories in a smoothed form, with a

correcticn for the curvature of the general course of the activity.

This correction is intended to exclude the dependence of
the type of daily course on the fluctustions of the activity from
day to day. lor this purpose, one finds for a selected category
of days (A) the average level of activity, and in addition cne
finds the average level of activity for 2 groups of days neighbor-

ing to those of group A, viz., for the group of days preceding

the days of group A (we shall call this the A-l group) and for

the group of days following the days of sroup A (we shall label
these days A +l). A smooth curve is produced from the 3 obtained
values (A.1, 4, A+l) and from this curve (parabola) one reads

the corrections for each 3-hour interval in tine days of the A

category. The amplitude of the daily course of the magnetic
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activity in disturbed days is particulsrly grest in winter, and
diminishes somewhat in the summer, whereby the phases shift towards
the earlier hours. In quiet days the amplitude of the daily course

of magnetic activity is gererally small and increases somewhat in

the summer; no definite phase shift is noted. The daily course of

the magnetic activity over all days is more similar in form to thet

of the disturbed dsys, but differs by having smaller amplitudes,

which sre slmost the secme in the summer and winter due tc the relative
incresse in bhe daily afternoon meximum activity resulting from

combining the disturbed and quiet days.

Hegnetic vtorms As Per lata of Sumary Cstalogue of Hagnetic Storms

Prior to prepsrstion of this handbouk, several liste and
catalogues of magnetic storms were prepered at different times.
sach of these catalogues contained information concerning the
magnetic storms, in sccordance with results of observations made
in any one magnetic observatory. The following catalogues are
known: 3 Soviet ones -- based on data of the Leningrad observatory
for 1876-19L0 (5), Sverdlovsk for 1905-1942 (13), and Tashkent for
1937-1947 (21); and also 2 foreign ones - Indian, based on data of

the Bombay observatory for 1882-1905 (29) and Eritish, based on

data of the Greewwich obesrvatory for 187u-1927 (25). The catalogue

of this handbook contains information on magnetic storms for 1936-
1948 and differs from 8ll the above-mentioned catalogues in that
it contains data on each storm not from one, but from 6 magnetic
observatories. This is why it is called a summary catalogue.
Teble 1 gives the names and coordinates of the observatories, the
data of which were used in the summary catalogue. It was compiled
using both published catalogues, as well as catalogues compiled by

individual observatories specially for this handbook.
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(‘Ihe Sverdlovsk observatory data were prepared by M. L.
Lipina; the Irkutsk data by V. N. Vinogradova and N. &. Mishina;
the Yuzhno-Sakhalinsk data by V. I. Afanas'yeva (for 1933-19u6)
and A. V. Timofeyev (1946-19u8); and the Srednikan data by V. I.

ifanastyeva (1938-1948) and L. S. Slondmskiy (for 1547-1948).)

The summary cztalogue includes all the storms causing in
Leningrad declinstion amplitudes reaching not less than 150 gammes,
or 35 anpulsr minutes, or causing in Sverdlovsk not less than 80
gammas in Z, 100 gammas in H, and 120 gammas (25 minutes) in
declination, or causing in Tashkent not less than 16 minutes in

B, 120 gammas in H, and 4O gammas in Z.

Certein storms observed at other observatories were original-
ly left out of the catalogues of these olservatorles, having been
cetimated as being weak disturbances. in ell these cases the
necessary supplementary information was ordered again from the
observatories and entered in the summary catalogue. The following
information is listed for each storm included in the catalogue:
(1) serial mmber of storm in the catalogue; (2) serial number of
storm in yeer; (3) world time of start cf storm with accuracy te
within the hour, if the start is gradual, and with accuracy to
+ 2 mimutes if the start is instentaneous; (L) world time of the
end of the storm; (5) duration of storm in hours; (6) amplitudes
of the slements -- declinetion (L) in minutes (the coefficients by
which the catalogue amplitudes must be multiplied to convert the

velues of the declination amplitude, given in angular minutes,

into values expressed in gammas, are listed in Table 96), the

horizontal (H) and vertical (Z) storm-time components in gemmas;

(7) world time of the stert of active period (if there were
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several active periods, the starting time of each is noted); (8)
world time of the end of active period (or active periods); (9)
letter symbol denoting the characteristic of the storm, using the

following scale: moderate, intense, and very intense.

Informetion cn the amplitudes and active periods are given
in the catalogue separately for each observaiory, and the inforsation
concerning the beginning and end cf the storm are given in common
for all the observatories. The time of beginning and end was
determined by the author of this chapter tsking into account the
dete from all cztalogues preparec¢ at the observatories, and taking
into account e supplementary review made Ly the author of the
magnetogrems of the cbservetories in Leningrec (1936=-1940), Yuzhno=
Sakhalinsk, orecnikan, and hoscowe The instantaneous beginnings,
as @ rule, were noted by all observatories. The compilers have
attempted tc accept the end of the storm time as that time during
which all the disturbances of the quiet veriations, except for

some snall ones, have teminsted, without taking into consideration

whether or not the vsriations returned to the average level pre-

vailing prior to the storm, for this return, as was noted earlier,
extended over many additionsl days, which can be classified as
quiet in all other respects. The letter symbols for the storms

are based on a qualitative inspection of the magnetograms, taking
into account the amplitudes of the storms and the rate of change

of the field during the storms, but without any account whatever of

the duration of the storms.

The catalogue contains data on a total of 318 storms, includ-
ing 35 very intense, 75 intense, and 208 moderate. Luring the time

interval covered by the catalogue there was an average of 29 storms
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per year, while the Indian catalogue contains approximately 1
storms, and the Leningrad one approximately 18 storms per year.
This difference can be explained nct only by the difference in
choice of the lower limits of amplitudes includec in the storm
catalogue, but alse by the fact that the 1938-1948 period contains
2 groups of years of high magnetic activity and conly one group of
years of low activity. in addition, the year 1943, which contains
an anomalously large number of prolonged mederste disturbances,

is included among the years of relatively low activity. Finally,
the already-noted fact that the cetalogue includes storms classified
as weak at the southern observatories leads to the belief that the
catelogue does contein a certain mumber of storms which would not
be included in the catalogue, were it to be compiled in accordance
with data of these scuthern and even more soutnerly observatories.
Such storms are marked in the catelogue by a plus sign, and their
total quantity is 65. %e shall consider telow certain repularities

observed in the deta contained in the catalcgue.

{ne must remsrk furthermore by way of introduction thzt the
amplitudes of the storms in the catalogue ere in almost all cases
the amplitudes of a certain single active period of the storm eand
the extreme (meximum and minimum) values of the elements are
observed in the mejority of cases within the storm one soon after

the other.

Changes in the Number of Magnetic Storms Within the Activity Cycle

in different yesrs of the activity cycle one observes,
generally speaking, an unequal number of masgnetic storms. The most
common regularity is the fact thet the higher the activity level

in the year, the more magnetic storms in the year. We must stipulate
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here that the change in number of storms from year to yeer,
although following closely the changes of the general level of

magnetic activity, follows the changes in the solar activity only

on the average. This can be seen from Figure 76, which shows the

anmuizl number of magnetic storms and the sverage-annual values of
the relative sunspot number, which serves as a characteristic of
the solar activity. The information on the number of storms for
1878-1937 ere taken from the storm catalogue of the Leningrad
obgervatory (5), while the mumber for 193u-1946 agrees with the
summary catalogue appernded to this handbook. The informetion for
1649-1951 is based on the data of the Moscow msgnetic observatory.
The 1878-1951 period covers more than 6 activity cycles. It is svident
from the drawing, first of 211, that a megnetic-zctivity cycle
corresponds to each solar activity cycle. Also evident from the
drewing is the fact long-known in the literzture thet cycles of
different character alternate in pairs: the cycle with the higher
maximum of solar activity is followed by a cycle with & relatively
lower maximum of solar activity. The only exception to this regular
alternation within the time interval under consideration is the
current cycle, which starts with the low-activity yesrs 1943-19LL,
inasmuch as the current cycle has a higher maximum activity in 1947
then the 1933-1943 cycle. The noted alternation of the solar-
activity cycles corresponds to a peculiar alternation of the
magnetic-activity cycles. The peculiarity lies in the fact that
one cycle may have a steady increase in number of storms from the
minimum annual value to the maximum one in the cycle, while the
next cycle hes an intermittent, unsteady increase in the amnnual
rumber of storms. The cycles characterized by a steady increase

in the number of storms to the maximum value in the cycle are
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the 1890-1501, 1913-1923, and 193L4-15ul4 cycles. On the other hand,
the 1902-1512, 1924=1933, and the current cycle beginning with 19uk
are cycles of the second type noted atove. HNaturally, the charac-
teristic given above is to some extent erbitrary and not quite
strict. Iinaily, an examination of Figure 76 shows also the so-celled
secular change in the lcvel of activity. %his seculer change is
evidenced in the following: It can be seen from the figure that
from 1900 to 1951 each later minimum of magnetic activity is
characterized by an ever-increasing annual number of nagnetic
storms: in 1901, 2 storms; 1912-1913, 3 sterms each; in 1923, 75 in
193k, 11, in 19ui, 16 storus. A corresponding incresse occurs from
1900 to 1951 in the maximum annual rumber of storms in the cycles,
designatec above as steady, having a steady character of increase
in the number of storu: in the cycle. spparently the noticed
secular change is relested to the secular change in soler activity
that can te seen in Figure 76 (22) (the 1934-194i cycle, in per-
ticular, has a lower maximum of solsr activity then the current
cycle). ‘fhe systematic shift in the meximum of magnetic activity
within the cycle relative to the maximum of the sclar activity
(delay of the maximum of magnetic activity by 1 to 2 years), which
was noted by several authors (26), can not be discerned clearly
from Figure 76. ©One can slso note that the secondary maximum in
mumber of storms occurring in years in which the number of storms
decrezses in each cycle (1888, 1898, 1922, and 1543) may also have
a nonrandom character. However, there are litile deta leacing to
& final conclusion that this is not a random phenomenon. This
phenomenon is either entirely absent in the 1902-1912 cycle, or
else it is so strongly pronounced in 1910, that indeed it deter-

mines the maximum armual mumber of the storms in this cycle.
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Without this phenomenon the cycle might have had & maximum in 1908.

in characterizing the fluctuations of the anmal rmmber of
storms during the cycle, it must be indicated that the amplitude
of the fluctuation does not exceed 30 to 35 storme, for if, for
example, approximately 10 storms were observed in years of low
activity, one cannot expect more than 40 to L5 storms in any one
year during this cycle. In the time interval under consideration
the minimum number of storms occurred in 1901 and 1902 {2 each)
and the maximum number (41) occurred in 193E. ULne can zlso note
that there are no dste with which to predict the character of the

seculsr changes in sctivity for many yeers in advance.

Table 97 contains rumericsl material which cherscterizes

the atove exposition in cdetail.

In conclusion let ue exanine the changes in the anmeal
number of storme of different cstegories occurring in 1538-154L8.
Figure 77 shows these changes for the 3 categories of storms
employed in the summsry catalogue. ‘fhe enmial numbers of storms
are expressed as percentages of each category {1002 corresponds
to the number of storus within the corresponding category for the
entire 11 years from 1938 to 1946). The changes have a maximum
amplitude in the category of very intense storms (from 0.0 to 20.0%),
and & minimum in the cetegory of moderzte storms (from L.8 to 1e5%).
This makes it possible to state thet when the average activity
level changes from a minimum to a mexinum, the grestest change occurs
in the annual mumber of very intense storms, and the minimm change
occurs in the moderate storms. In other words, very intense storms
are most unevenly distributed over the years, and are concentrated

in years of high activity.
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It is evident from Figure 78 that if we consider not all
storms within each cetegory, but only those that have sudden
beginnings, one coes not see the picture described above. In
years of low activity there are no storms of any category with
sudden beginnings and in years of high activity the storms of
the various cctegories have sn almost equal frequency (16 to 23%).
Tebles $8 and 99 contain the numerical data corresponding to

Figures 77 and T8

Change in iumber of .iagnetic otorms with teason

The frequency of megnetic storms is not the same for
different parts of the year. The greatest number of storms occur during the
equinoctial months. Iigure 79 shows the rumber of storms occurring
during different months of the year, &s a percentage of the relative

aversge annual mumber of =tOrms. The moct uneven distribution takes

place for very intense storms (see also Table 100) and the moderate

storms are the most evenly distributed. The uneveness in the
distrivution of the very intense storms can be explained by their
relztively small mmber within the tiue interval under consider-
ation and it is possible that if the period is longer the uneveness
would become smaller. In 1938-1948 up to 12% of storms of all

categories occur in Harche

£s 10 the storms with sudden beginnings, their seasonal
distribution has certain peculierities, as can te seen from Figure
80 and Table 10l. Cne must particulsrly note that in 1938-1948
the greatest rumber of storms with sudden beginnings occurred in
April (15%) and July (15%). The very intense storms with sudden
beginnings also show the greatest uneveness in month-by month

distribution. The causes ere probably the same as those of the
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uneven distribution of very intense storms in generale in 1936~
1948 more than 20% of these storms occurred in Aprils. This result
is not in exact agreement with the deductions contained in the

literature (19), but neither does it contradict them.

Laily Course of the Eeginnings of iagnetic Storms

One cannot speak of a daily course of megnetic storms, for

on the average each storm lasts more than severzl days (see below).

One can speak, however, of a daily course of the beginnings of the
magnetic storms. This question has certain practical significance,
and the data collected in the catalogue throw some light on the
subject. It can be seen from Tsble 102 that taken as an average
over the year most storms of all 3 categories, viz., moderzte,
intense, and very intense, begin between 0530 and 0830 world time
(16.6%)s This deduction is based on the data of the summary
catalogue, i.e., on the data of voviet middle-latitude magnetic
observatories. An important question arises: what time -- world
or local -- does the daily course of magnetic storms follow at
various observa ies? i re he subject contains a
statement that the daily course of the beginning of magnetic storms
follows local time. However, data by Soviet observatories for
1938- «194B; which served as a basis of the summary catalogue, give
a different answer to this question. According to these data one
must assume that the daily course of the beginnings of magnetic
storms follows world time. This deduction is noted already by
examining the catalogues of magnetic storms compiled by varicus
authors at different observetories. In fact, according to these
catalogues, the greatest rumber of beginnings occur at approximately
2000 in Srednikan, approximately 1300 in Leningrad, 1200 in Sverdlovsk,

spproximately 1100 in Irkutsk, approximately 1700 in Yuzhno-Sakhalinsk,
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and approximately 2300 in Tashkent, all local time. Thus, the
ndispersion" of the time of the maximum is 9 hours (20 - 11).

If these hours are converted to world time hours, the dispersion
decreascs somewhat, and bectmes 7 hours. Cowparison of all these
individual catalogues of storms with magnetograms, as made by the
suthor of this chapter, has shown that the persons who determine
the time of the begirning of the storm at the various observatories
211 had different approsches to this determination. Some authors,
as a rule, took the time of the gradual beginning of the storm to
be the appearsnce of & small disturtance, while others took the
instants that are close to the beginning of the active periods

(see below cencerning active periods). &ctually, however the
megnetograms of all the Loviet observatories reviewed by the author
of this chapter, as well as copies of mapnelograms from several
imerican ohservatories at the disposal of the author, show that it

is possible to select one common instant of world time, which appears
to be cuitatle for acceptance as the time of the Teginning of the
storm. It gpoes without saying that the sudden beginnings, giving

no cause ior subjectivism, were determined at all the observatories

to be absolutely simultaneous.

One must conclude thei the problem of whether the daily
course of the beginnings of the storm follows local or world time
was made obscure by the fzct that the sethod used to answer this
problem was to compare the catalogues of various observatories and
of various authors, rather than comparing magnetogramns of many

observatories with each other. Nor were the earlier investigations

on the subject made by Birkeland and Gauss taken into consideration.
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The conclusion derived from the summary catalogue is as
follows: the daily course of the beginnings of the storm has a
maximum from 0600 to 0800 world time and a minimum from 1800 to

2400 world time.

From Table 102 it is seen that the distributiocn of the
beginnings within the time of the day chenges somewhst from season
to season. In particular, more storms begin in the first half of

the day in the summer than in the winter.

The daily courses of the bLeginnings of the magnetic storms,
determined separately for various intensity categories of the storms
(see Figure 81 and Table 103) demonstrate that there is no evident
dependence of the shape of the daily course of the beginnings on
the intensity of the storms. The difference exhibited in Figure 18
can be fully explained by the fact that in 1938-194L6 the number of
storms vary greatly with the catepory, and the number of intense
and very intense storms was considerably smaller than that of the

moderste ones.

As to the daily course of the sudden bepinnings (Figure §2
and Table 104) of the storms, they ere in general distributed quite
uniformly over the hours of the day, but the number of beginnings
occurring during the period from 1800 to 0600 world time is somewhat

larger, amounting to more than 60% of all the sudden beginnings.

Puration of Magnetic Storms

Speaking of the distribution of the beginnings of the storm
over the hours of the day, it is natural to dwell, if briefly, on
the problem of the distribution of the ends of the storms over the

hours of the day. Inasmuch as the effects of the magnetic storms

|
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do not vanish immediately in most cases, and some of them (the
phenomenon of the gradual restoration of the average levels of
fluctuations) extend even over several days which are principally
free of irregular fluctuations, there is more subjectivity in the
determination of the time of the end of the storm than determination
of the time of the beginning. FReflecting this circumstance is
apparently the fzct that many storms are shown in the catalegues to
end et hours that are close to the beginnings of the storms. One
can think that this is the result of the tendency of the persons,
who determine the end of the storm time, toc make the end of the
storm coincide with the end of a 2i-hour period. iwost probably
this is based on a hidden thought that it is not desirable to

carry over portions of the storm interval to a small fraction

of the next day. This is why the handbook does not contain any
mmericel data on the distritution of the end of the storms with

the hour of the day.

The same doutt concerning the determination of the end of
the storm time makes any conclusipn cn the duration of the stornm
less reliesble. These conclusions can therefore not be made with
an accurary to within 1 to 2 hours and their best accuracy does
not exceed L to 6 hours. The average duration of the storm during
the 1938-1948 period is on the order of & days., The storms are
somewhat shorter in summer months on the average than the winter-
month storms (summer approximately 60 hours, winter approximately
70 hours). The shortest storms are found among the very intense
storms (in summer months their avsrage durstion is approximately

one day).
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Active Periods of Magnetie Storms

sxemination of the magnetograms makes it possible to separate
within almost each megnetic storm one or several periods, lasting
for several hours, during which the fluctuations of the magnetic
field are particularly intense and disorderly. These periods are
called "active periods of magnetic storms." To separate the active
periods it is necessary to propose certain objective quantitative
criteria and to perform this separstion exclusively on the busis of

exaninztion of the magnetograms.

This, neturaily, introduces & certsin subjectivism, which

thus far cammot be ¢liminated.

Active periods can be charscterized by describing the daily
course of their beginnings, their cduration, and the intervsl of
tine from the start of the storm to the start of the active period.
A5 to the &mplitudes of the fluctuations of the mognetic elements
during the time ci the indivicdual active periods, as a rule the
amplitudes perteining to one cf the sctive periods are the amplitudes
of the emtire storm and there is no advantage in examining separately

the amplitudes during the active periods.

Teble 105 leads to the following conclusions: the daily
course of the beginnings of the active periods definitely follows

world time.

The majority of active periods (76%) begin in the time

interval from 0700 to 1700 world time. Let us note in addition
that the active periods in the more intense storms, as can be seen
from a detailed examinastion of the summary cstalogue, begin on ths
average in earlier hours of world time than do the active period

of the moderate storms.
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froceeding o the question of the size of the time interval
between the beginning of the storm and the beginning of the active
period, it must be said(Figure 83) that this interval ranges most
frequently from 1 to & hours. OUnly the data of the Irkutsk observy~
tory show the act.ive pericds to begin 7 t¢ 9 hours after the begine
ning of the storm. Uwing to the already-noted subjective manner oy
establishing of the active period it is difficult to tell here how
real this "delay" of the irkutsk active periods is. It is possibly
that it is the result of subjectivity on the part of the persons

who establish the periode

¥inally, Figure 0L shows that the zctive periods last most
frequently from 3 to 10 hours (5 to 6 hours in Srednikov, 5 to 6
hours in Leningrad, § to 10 hours in bverdlovsk, 3 to 4 hours in
Irkutsk, 7 to 8 hours in Yuzhno-sekhalinsk, and 9 to 10 hours in
Tashkent). Were there any simple relationships in the data of the
various observetories between the latitude of the observatory

location ancd the time, it could have been subjected to analysis,

but since no such dependence can apparently be seen, these differeyces

in time must also be atiributed mestly to the individual approach

made by different authors to the selection of the active periods.

Lt must also be noted that many storms contain several
active periods, sach frequently occurring at the same hour of succyé-
sive days within the storm. All 318 storms of the summery catalog,¢
exhibit active periods at least in one observatory. As was already
noted, the amplitudes cf the storm-time fluctuetions of the magnetic
elements ere as a rule equal to the amplitudes of their fluctuatioy

during the time of one of the active periods.
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4 certain ldea concerning the distribution of the activity
over various hours of the magnetic storm can be obtained in the

following manner.

Seventeen consecutive velues of the index Ky (120, 1, 25 eue
16) were calculated for each of the 69 magnetic storms with sudden
beginning, occurring in 1938-1948, starting with the value of Kys
relating to the 3-hour time interval preceding the 3-hour interval

containing the beginning of the storm. Aiverages were then taken of

the 69 values of Kgs the 69 values of Ky, ete up to the 69 values

of Klé'

The resuits of these calculations were the quaniities re-
presented in Figure CS. It can be seen ivom this figure that the
magnetic ectivity veries quite regularly during the course of
tiue storm, provided it is charscierized by mesns of the 3-hour
intervals. The activity reacies its maximum value rapidly, within
6 to 9§ hours from the beginring of the storm, and then decresses
monotonically. This rapid increase in the average value of the
index K corresponds only to the already mentioned circumstance,
thet most active periods begin not later than 6 hours after the
beginning of the storm. 7o determine whether there is a definite
connection between the distribution of the activity within the
stornm end the time of the year, the values of the indices K were
averaged separately for 13 storms (from among those taken above)
occurring in November, Lecember, January, and February (winter),
separately for 30 storms occurring in iMay, July, and August (summer),
and separetely for 26 storms occurring in March, April, ceptember,
and Cctober (equinox). The results of these calculations are shown

in Figure 85. It is clear from the figure that in winter months
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the maximum values of the activity are reached after the greatest
number of hours from the beginning of the storm (approximately i
hours), and in equinox this takes place after the smallest number
of hours (5 hours). In addition, it is seen that the equinoctial
storms sre the most prolonged and the winter storms are the shortest.
The distribution of actiwvity in summer storms appears closest to

the average annual distribution.

Finaily, celculations cerried cut individually for storms
of cifferent categories, viz., moderate (i.e., those {or which the
amplitude of the changes in the horizontal component (i) or the
magnetic {ield ranges from 10U to 16U gammas in Lverdlovsk)s for
intense (asplitude of ii not greater then 3UU gemmas) and very intense
(amplitude in X erester than 300 sammas) heve saown that the activity
during the time of intense storms (ligure C5) resches its maxinum

the latest (approximately after 13 hours) and occurs fastest during

the time cof very intense storms (within 5 hours,. in accition,

during moderate storms, starting approximaiely 20U hour:s after the
-, > i . o ry . .
teginning of the storm, the change in activity becomes very small

(one sees fluctustions about an almost parallel line).

Amplitudes of Fluctuations of egnetic slements Luring the Time of

gnetic Storus

The amplitudes cf the fluctuations of the msgnetic elements
during the time of magnetic storms represent one of the iLmportant
charscteristics of the storm. Table 106 gives the aversges of the
amplitudes cf all storms of each category for each year and for
esch of the 6 observatories. Examination of this material leads

to the following conclusions: there is no definite relationship
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between the average amplitudes of the storms, by seperate categories,
end the sversge level of activity. This is natural, for the storms
were classified in the catalogue into 3 wide categories (moderate,
intense, and very intense) based indeed on their amplitudes. There
is, on the other hsnd, a pronounced dependence of the smplitudes on
the latitude of the location of the observatory. As 2 rule, the
farther south the observatory, the lower the amplitudes of storms

of all categories at the observatory. Among the cbservatories used
to obtain date for the summary catalogue,the average amplitudes are

2 to 3 times smaller (and sometimes even by & larger factor) in

the southern observatories than in the northern ones.

ligure 86 to 88 show the maximum storm emplitudes for each
year and for each observatory. It ig seen from these figures that
in years of relatively low activity the storms have as a rule
smeller amplitudes. Although there is no strict dependence,
nevertheless it can be said that in yesrs of low activity very
intense storms are less probable than in years of high activity.
& result of the fact thet storms occur most frequently in equinoctial
months (see ebove, and also Figure 79), it appears that on the
sverage the storm amplitudes recorded for these months are numerically

greater.

There is no definite relationship between the amplitude of
the storm and the duration of the storm, but it can be noted that
storms of very great duration and simultaneously of very large

emplitude sre relatively rare.

Analysis of the data on the storms leads to the conclusion
that storms lasting from 20 to LO hours are most frequent, and if

storms are grouped by values of the smplitudes, the storms most
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frequently occurring in leningrad have horizontal component
amplitudes from 150 to 200 gammas. In Sverdlovsk storms having
horizontal-component smplitudes from 100 to 150 gammas are most
frequent. Finally, the resuits in Tashkent are as follows: the
- most frequent are sitorms with horizontal-component amplitudes

from 100 to 130 gammas.

27-Day kecurrence of dagnetic Storms

The physical fundamentels, explaining the tendency of magnetic
storms to recur approximately every 27 days, were slready discussed
briefly asbove. [nasmuch as this tendency can Le used for several
practical purposes (prediction of magnetic storms ), the problem
of the 27-day recurrence of megnetic storms is the subject ¢f a
relatively extensive literature. iiaterials of observation of Fore.
the magnetic observatory in Leningrad during 1878-19uU were used
earlier in the stay of the 27-day recurrence of megnetic storms

z

(6). The same article lists also the biblivgraphy on the subject.

To examine the problem of the 27-day recurrence of magnetic
storms, the data from the summary cstalogue are represented in
Figure 89 in the form of a diagram, in which each day is represent-
ed by a square. The squares ere arranged in rows of 27 each. &ach
square in the lower line corresponds to a day that is 27 days removed
from the days corresponding to the squares of the upper line.

Various arbitrary symbols indicate whether these days contain storms,
and if so whether the storm was moderate, intense, or very intense.

Following any vertical column in the diagram, it is possible to

trace which days were 27 days apart from others. The 6 left columns
are repeated to the right of the 27 columns to facilitate review of

the character of the recurrence of the storms. Examination of the
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diagram convinces one that in 193b-1948 many groups (sequences)

of storms were observed, formed by several storms that ere 26

to 28 days apart. It is seen from the diagram thst in these

years there occurred many recurrences of the storms (if by
recurrence we the appearance of a storm 26 to 28 days after

& preceding storm). These recurrences can gpparently be attributed
to a prolonged existence of streams of solar particles. 4 general
impression resulting from examination of the diagrams is also the
conclusion that the recurrence was particularly steady during
years of low activity (in 19u3~19L4 one storm recurred 17 timesi)
and the recurrence is least steady in years of increasing activity
(1946-19L4E). The former conclusion does not fully agree with
deductions obteined azbove (6) from data of the Leningrad magnetic
observatory, for these data indicated thst the recurrence is

lowest during years of minimum activity.

Uf great significance is the problem of what category of
storms, moderate, intense or very intense, have a higher tendency
tovards recurrence? Frior to the work described in reference 6,
the consensus of the literature was that the sironger the storm,
the less reason for expecting it te recur in the form of a storm
of any intensity. This conclusion was changed somewhat in reference
(6), where it was established that the stronger storms recur in
the form of storms of any intensity more frequently than even
moderate storms, which have a greater tendency to recur than

intense and very intense storms.

The materials of the summary catalogue permit reexamination
of this problem. For this purpuse the data contained in the

catalogue and in the diasgram (Figure §9) were used to plot Figure 90,
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in which the horizontal scale indicates the days from O to 110,
starting with the day of 2 mederate (upper third of the drawing),
intense (middle third) and very intense (lower third of the
drawing) storm,; and where the vertical scale shows for each of the
days from O to 110 the number of days belonging to a storm of any
category. Thus this drawing answers the following question: in
whet rumber of czses is a day, separated by n days from & day
belonging to any of the storms of any category, also a day

of recurrence of any other storm, regardless of what category?

It can be seen from the Figure that in fact the moderate storms
recur every 1 to 3 rotations of the sun more frequently than
intense storms, while intense storms recur more frequently than
very intense storms. Ffor example, it can be said that approximate-
ly in 40 out of 100% there will be a new storm following 27 days
after a day of a moderate storm. The percentsge cen be read
approximetely from the drawing for any dey for which data are
available. Thus, the mzverial of the summary catzlogue confirms
the long-known conclusion thet with incressing intensity the

storm has a cecrezsing tendency to recur.

Of extreme interest in bigure S0 are the secondary maxima,

occurring at 13 to 15, 37, 65, and 9V days, which are very prenounced
on the curve showing the recurrence of moderate storms, and which
are less pronounced but still noticeable on the remaining curves.
The presence of such secondary maxima was noted in reference (6)
but the author did not risk insisting on their being real. Now,
having received confirmation of the‘existence of such secondary
maxima, they can not be considered as accidental and must be

explained in some manner.
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The explanation is best found after considering the follow-
ing question: what specific kind of storm, moderate, intense or
very intense, caused the individual maxima on the curves of Figure
90? To answer this question we present Figure 91 and the correspond-
ing Table 108. !mch more can be seen irom this figure and from the
table than from Figure 90. in particular, it is seen that within
27, 54y and 81 days moderate storms recur more frequently as
moderate storms. At the same time it can be seen that the naxima
at 13, 65, and $0 days are also caused by mcderate storms. It is
also seen from Fipure 91 that, for example, intense storms also
recur every 27 days in most cases in the form of intense storms,
while the same storms recur on the Sith Cey in moderate form.

It is seen in zddition that actually only an insignificant number
of very intense storms recur in 27, etc days, but when they do
recur, it is slso in the form of very intense storms. Let us note
that this conclusion corresponds to the deduction of reference (6)

that the strongest storms have a higher tendency to recur.

48 to the recurrence of storms on the thirieenth and other
intermediate cays that are not mltiples of 27, these recurrences

can be explained within the fremework of a hypothesis by a coviet

geophysicist Fo I. Gusev (7) who made the assumption that the

corpuscular streams, which propagate in space, f£ill not the volume
of a certain cylinder, but a region adjacent to a plane passing
through the bipolar group of sunspots corresponding to the stream
and through the center of the sun. Vith this, the same stream
should evidently creste 2 magnetic storms, separated by 13 to 14
days, and not a single one, for the storm can occur first of all
when the stream catches up with the earth while it is visible

to the group of sunspots creating the stream, and in addition also
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when these spois are invisible from the earth. The variations in
the density of the stream and the variation in the distances to the
location where it is created may cause the nonsystematic recurrence

of the storms in the thirteenth or fourteenth day.

tiagnetic Disturbance Days

In certain days, during which the magnetic activity is esti-
inated as being weak, the magnetograms show magnetic disturbances,
which are called "bays." They are so called because the curve
treced on the mapgnetogram during these disturbances is similar in
middle latitudes to the outline of the bay or cove on a geographic

maps

The disturbance days cen be noted simulianeously on all the
magnetic elements, recorded by the observatory, but sometimes
they are greater in some element than in enoiner. Their duration
usually ranges from 10 to 20 mimutes to 1 to 1 1/2 nours. Character-
istic of their shape is the following: the values of the element
stert deviatirg gredually to one direction from their normal daily
course until these deviations reach a maximum value for the given
disturbance. Then, also gradually, the values of the element
begin returning to the magnitudes corresponding to the normal
daily course (quiet dally variations). The greatest deviation
usually occurs in the mid-point of the period during which the

disturbance existse.

The bay disturbances can be seen on the magnetograms of the

low and middle latitude magnetic observatories.
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At the same time when bay disturbances sre observed in
niddle iatitudes, a magnetic storm occurs st higher latitudes.
This storm is not accompanied by & universal reduction in the values
of the horizontal component, such as is characteristic for world

stomse. Such storms are called “polar magnetic storms."

The physical explenation for the bay disturbances is &s
follows: in those cases when no ring of electric current is
formed outside the ionosphere around the earth during the time
of magnetic storms, the magnetic storm develops principally
because solar corpuscules penetrate intc il th atmosphere
at high lstitudes. Their penetration produces at nigh latitudes
currents that are supplementary to the normal electric currents,
and the megnetic field of the supplementary currents is indeed
the field of the polar magnetic storm. The strongest current
pulses cause the currents to spill over to more southern latitudes.
¥With this, mepnetic fields asre produced at these more southerly
latitudes and menifest themselves in the form of magnetic disturbance
bays. Une can also remsrk that during the time of worlc megnetic
storms, i.e., those storms during which the current anolus is
produced ground the earth, the penetrations of the corpuscules
at high latitudes are more frequent than during the time of polar
storms. The stronger current pulses follow each other almost
continuously, and one can say that the series of disturbance bays
that are partly superimposed on each other are observed at all
latitudes. In other words, the magnetic disturbance bays represent
that slementary magnetic field, a large pert of which forms the
irregular portion of the field of the world magnetic storms. This
is why the study of the magnetic disturbance bays is of definite
interest for the understanding of the laws that hold for the field

of masgnetic storms.
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It must be emphesised that in addition to the disturbances
of the type describec, one frequenily encounters disturtances
that do not heve such irrvegular form, and the physical nsture of

which is apparently the same as that of the bays.

The magnetic disturbance bays are usuelly divided in each
element into 2 groups, depending on whether the values of the
element increase or decrease as compared with the quiet daily
course. Disturbances of the first group are éalled positive,

and those of the second negative.

The laws cbeyed by the disturbance tays can be determined
by generalizing information concerning their frequency, their
distribution with the hour of the day, with the time of the year,
end with the years of the ll-yesr cycles, as well as by determin-
ing the laws followed by their amplitudes. The amplitude of a
disturbeance bay is understood to be the value of the maximum
deviation occurring during the time of the disturbance, relative

to the quiet daily variations for the corresponding hours.

The information given below is based on the cetalogues of
the magnetic disturbance bays, compiled for 1938-1948 for the
following msgnetic observatories: Srednikan, Sverdlovsk, Kazan',
Yuzhno-Sakhalinsk, and Tbilisi. The catalogues wers compiled by
Te Ne. Panov in Sverdlovsk, M. F. Pushkin in XKagan', N. A. Katziashvili

in Tbilisi, and V. I. Afanas'yeva in Srednikan and Yuzhno-Sakhalinsk.

The data on the disturbance beys, selected for each
observatory, were compiled in these catalogues on the basis of an
examination of the magnetograms of the horizontal component,

disregarding the cther data.
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Une@ust remsrk above all that the frequency of the disturbance
bays at the various observatories is quite different. During the
same 9-year period of time from 1938-1946, 216 disturbance bays were
noted in Srednikan, LOl in Sverdlovek, 89 in Xazan', 90 in Yuzhno-

- Sakhalinsk, and 147 in Tbilisi. &ince wverdlovsk and Xazan' are
relatively close to each other, the difference in the number of
disturbances noted for these 2 observatories (almost 5 times more
in overdlovsk) can not be sttributed to difference in the geogrephic
locetion of the observatory and is proof of exceedingly large
difference in the approach of various authors to the problem of
determination of the disturbance bzy. iiowever, the same author
noted 216 disturbances in drednikan and $0 in Yuzhno-Saikhelinsk.
Consequently, the frequency of the disturbances does nevertheless
exhibit a geographic dependence, mostly on latitude. However,

_ apparently this dependence of the frequency on latitude (reduction

7 in the numbter of disturbances with southward shift of latitude)
is masked to & considerable extent by the noted subjectivism of

various authors.

Figures 92 and Tsble 109 show the relative distribution of
the frequency of disturbance bays over the yesrs within the series
of yeers for which deta are available. The distribution of the
positive and negetive disturbance bays are shown separately. The
conclusions drawn from this msterial are as follows: there is no
noticeable dependence of the disturbance frequency on the activity

levels Fipure 93 presents the results of the statistics of the

distribution of the disturbance bays over the months of the year

egain separately for negative and positive disturbances. The

corresponding numerical data are collected in Table 110. It can

be seen from the drawing and from the table that the number of
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disturbances oceurring in the winter months are noticeably
; and that there are hardly any disturbances in the
summer months. On the average, disturbances are 2.6 times less
frequent in Hday-August than in the remaining months. ILata on the
negative disturbances indicate that they have a maximum frequency
in February-iarch and ceptember-Uctober, but the statistical data

are scant and this conclusion can not be drawn categorically.

The data of Figure 94 end Table 11l show the distribution
of the disturbance bays over the hours of the day. The daily
course of the cisturbances follows definitely the local rather
than the world time. The positive disturbsnces are most frecuent
during night hours, snd the negetive ones in the morning and evening

hours. Ho positive dlsturbances are observed in the forenoon hours.

It must be noted thet within the territory of the uboh
there are no lsrge geographic features either in the ammuzsl or

in the deily distribution of the disturbances.

In conclusion let us give several figures on the averages
of the smplitudes of the disturbance bays (the amplitudes were
disturbances in that sense as indicated above, i.e., the maximum
deviations from the quiet deily course cccurring during the time

of the disturbance: in the horizontal component we have an

amplitude of L7 gammas in Srednikan, 41 gammas in Sverdlovsk, LS
gammas in Kazan', 25 gammas in Yuzhno-iakhalinsk, and 33 gammas
in Tbilisi. During the instents of meximum devistions from the
daily course of the horizontal component, the deviations of the

vertical component average 2 to 12 geammas, while the deviations

in declination are 2 minutes in Tbilisi and Yuzhno-Sakhalinsk,

8 minutes in Kazan', 5 mimutes in Sverdlovsk, and 15 mimutes in

Srednikan.
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The literature contains a small numier of references con-
cerning disturbance bays. 4 thorough investig:

Silsbee and Vestine (30).

1. Afenas'yeva, V. ., "Anmuel Ceomagnetic Variations," Trudy NIIZ#
[Transactions of the Scientific Research Institute for
Terrestrial iiagnetism] No 3 (13), 1948

n e e

s'yeva, Ve ley "innual Variations of Terrestrial Hagnetism,"

Trudy NIiZ#, No 5 (15), 1950

- 3. Ien'kova, i, r. "Guiet Solar-Diurnal Variations of the zarth's
dagnetic ¥Field," Trudy nauchno-issledovatel!skikh uchrezhdeniy
gidrometsluzhby [ iransactions of the Scientific lhesearch
wstablishments of the Hydrometeorological service] series

Vi, No 1, 1941

L. EBen'kova, M, P., "{-Index of fagnetic ‘Zctivity, ":osmicheskiye

dannyye" [Cosmic Tata] NIIZM, decade review, 115, 1940

5. Ben'kova, Ne. f. and Kalinin, Yu. D., "Catalogue of Hagnetic
Storms of the Slutsk Magnetic Observatory," "{osmicheskiye

dannyye," No 125-128, 1941

6. Ten'kova, N. F., "27-Day Recurrence of iagnetic storms,® Trudy

nauchne issledovatel skikh uchrzhdeniy gidrometsluzhby,
Ser VI, No 2, 59-106, 1944

Ben'kova, Ne P., "P. I, Cusev Method of Magnetic Prediction,"

Trudy NIIZM, No 3 (13), 63-8L, 1948
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Ben'kova, Ne Pe, "Daily Course of Magnetic Activity,”

Trudy NiIZM, No 3 (13), 1948

Gusevs Pe L., "Hew Index for Terrestrial-iagnetic Activity,"

niosmicheskiye dannyye" NIIZ!{, decade review, 116, 1940

falinin, Yu. L. "Distribution of ctrongly-Disturbed Houars
Within the Lays for 1938 in blutsk," "{osmicheskiye damnyye™

WIIZ#, decade review, 59, 1939
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Yalinin, Yue De
informatsionnyy sbornik po zemnomu magnetizmu i elektrichestvy
{ information {ollection on Terrestrial ilagnetism and

slectricity), Yo 5, issue 2, 19u0

¥alinin, Yu. De, "Un Certsin Problems of Study of secular
Veristions of Terrestrizl iagnetism," Trudy WII1ZM, No & (18),

1952, 5-11

Kerblay, T. Ses snd Fedorova L. N., "Catalogue of Hagnetic
storms of the Sverdlovsk Ubservetory," Trudy nauch.-issled.

uchrezhd. gidrom., oer VI, issue 3, 786-127 1946

tozik, $. s, "kelationships of Three Groups of Ceomagnetic
Activity in Various Phases of the kleven Year Solar Cycle,"
Trudy [Transactions] of the Tashkent Ceophysical Cbservatory,

No 23, 1949, Gidrometeoizdat, pages 3840

Kozik, S. i, "Daily Course of Geomagnetic Activity in Tashkent,"

Trudy Tashk. Geofiz. Chserv, Nos L, 5, 1950, Gidrometeoizdat

Lipina, M. A., "Changes in Megnetic Activity as per Haterials
of the Sverdlovsk Observatory," Sverdlovskaya magnitnaya
i meteorologicheskaya observatoriya, 1836-1936 [sverdlovsk
Magnetic and Meteorological Observatory, 1836-1936], commemo-

rative volume
- 121 -
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Nikol'skiy, A. Pe, Problemy arktiki [Problems of the Arctic,

No L, 1945
Nikol'skiy, A. P., Terr. iagnetism, 52, No 2, 1947

rushkov, Ne V. and Abramova, He V., "Statisticel Study of
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TABLE 1

LIST OF OBSERVATORIES AND OUTLINE OF DATA EMPLOYED IN THE HANDBOOK

Years, for which data were used

Geograghic for calculaticns

tions
Aperindic

varia

Name of observatory

Serial
Abtreviation
Latitude
Longitude
Geomaznetic
latitude
variations
variations

Disturbed
stom-tine
variations
Catalogue of
storms
compiled

Bukhta Tikhaya 1937, 1944

w nl 77 6 1944

Uﬁ Ohelyusk:xn )i i 1937, 1944
; 1944

s

I/atoinlcm Snar

Un

Srednikan

Yalkutsk

Leningrad (Voyenkovo vill)
sverdlovsk (V. Dubrava)
}\'wan’ (zaymishche

Mo

Ir.(utsk (Zuy
Yuzhne-Sakhalinsk
Odessa Stpua'xov&-\a)

Vladivostok (Voroshllov) : 3220 | 4| — 1911, 1944, 1938 ~48

Y- Y P NRICE l

193848

37 —49 193848 193848 —
I%Ov'() 192: 1948 - 1938—40,
Lo 1947 —48
1937 —49 1938.—48 1938 —48 193848

1937 =49 93 1938—18 -
194750 9 — —
1938 —48 19.58—48 1933—48
- — - 1938—48

1948 3 — —

1946, 944 47

Tbilisi (Dusheti) 2 155749 1 1ugB—4 1938148 | 193848 —
‘T"ishként Keles 28 ' 4 1937—4Y ¢ 48 | 19:8—43 193848 | 1938—48

mentary data for ¥ in 1941,

#04 -- without 1950 data for X, Y, and F. Mo -- without F for 1950. Ln -- Sugple

Sr -- supplementary data for D, H, and 2 for 1939 and 19u8-1549.
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TARLE 2
CYCLIC VARIATION OF HORTZONTAL COMPONENT (H) OF GEOMAGNETIC FIELD
AND) THEIR DERIVATION ISTNG LENINGRAD MATERTALS FOR 1878-19L1
Long-

Observed First Second Secular

courss period

value of smoothing smoothing

) e 9u) — !
uth el w="2u u

u (gammas) i

wow

16410.2 16 401
417.8 407
426.3 415
435.5 425
445.4 437
456.1 . 449
467.0 464
478.0 478
488.6 493

509

529

537

548

554

556

555

549

539

524

506

482

454

421

384

s
NN O oW ww

| !

S—w

1O UL 1D — I3 T e G e

(]
[
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071.9
16 027.9
15983.8

939.7

895.7

852.0

808.6

765.5

722.9

G81.0

6399 -

504.6

200.5
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TARLE 3

<

CYCLIC VARIATIONS OF HORIZONTAL COMPONENT (H) (IN GAMMAS)

—~ —~
0 [2]
[0 [}
> >
% 9 s
¥ ® k| s B o
] ~ o Kot 13 C ~ e <
B2 ¢ B ot B4 % ¢ Boo3
I é 'E a o — g O K o o a o —~ g O
) o K N e NE o 5 [ - & =l N B
(5] Q > (3 0 L g n o > 3 os L0 o 0
P B Y I - B M M A 0 o+ = >
i | | | i
1878 | 6 | | -1 al 7| = Io1g
1879 6 [ 1911 2 2l 5| 1 18
1880 | —2 i 1912 8 7 6| 28 |
1881 | —1 1 1913 8 7 18| 17 16
1882 | —10 1914 5 4 6 2 4
e 1883 | —3 | 1915 0 —5| —4| —4 —4
= 1884 2 i 1916 | -7 | —9| —14|--12 —9
1885 | 3| —2 i 1917 | —9 | —12| —14{ —8 —8
1886 | 0| —2 I 1918 —10| —9| —71| —6 _8
1887 | 3 1 ni 1919 | --9| —8 5, —14 —8
1888 | —3 2 —16 | 1920 | —5| —2 10 3 —4
i 1889 o0 3 0 1921 | —1 4| 10| —8 —6
- 1890 | 3 5 12 1922 2 5 6| —12 -5
1891 | —3 | -3 14 1923 9| 121 —6| 13 6
1892 | —13 | —16 —51 « 19| 12| 12| —=2| 10 12
1893 | —3 | --6 -3 1925 8 7 ol 13 9
1894 | —8 | —7 —6 1926 | —3| ~7 0 —I|—I1 5
18951 0 2| —1 4 1927 0l —6 1| 10| —2 5
1896 21 7 6 1928 | —2| —7| —2 0| —2 0
1897 10 51 9 3 15 1929 | —4| —7(—10] -9 0| —7
1898 | —31 1 3 15 1930 | —9| —13| —19| —9| —10
1899 | —1 | —1| —2 0 1931 0 1 2| —4
190 0l 0 7 -2 1932 | —3 0 6| —9| —4
191 41 o 10 -9 1933 2 6| 1| -3 0
1902, 7] 0 9 —19 1931 8| 0] 18| 10 3
1903 | 4 -5 2 —30 1935 4 8 8 2 2
1904 3] 2 0 11 1936 | —4| —2| —2| —3 0
1905 1| 1 0 17 | 1937 | —8 | —7| —14| —2 1
1906 | 47 7 4 2% 1938 | —9 | —11 | —18 0] —6
1907 | —31 4 0
19031 3 5 2
—4 1
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CYCLIC VARIATIONS OF INCLTNATION (1) (MINUTES)
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Sanitized Copy A

CYCLIC VARTIATIONS OF DECLINATION (D) (MINUTES)
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TABLE 6

CYCLIC VARIATIONS OF VERTICAL COMPONENT (Z) CAMMA3)

Sverdlovsk
Sverdlovsk
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TapLe 7

CYCLIC VARIATIONS OF HORTZONTAL COMPONENT3 AND INCLINATION (H AND I)

(WETGHTED AVERAGES) o
(N V: A DUV BNV O R

(gammas) (minutes) ! Year (gammas) (minutes)

0.3 ) 1910

0.3 1911

0.6 i 1912
1913
1914
1915
1916
1917
1918
1919
1920
1921
1922
1923
1924
1925
1926
1027
1928
1929
1930
1931
1032

a1
1933

1034
1935
1936
1937
1938
19349
1940

|

v
,CgOC;;OQQ.A..._
-~ TS < g <

o
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TABLE 8

AVERAGED CYCLICAL VARIATION

(minutes)

Year of
solar cycle
SH

(gammas)
R

number of
sunspots
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TABLE 9

LONG-PSRIOD VARIATIONS

Declinatien D (in minutes)

1938--1939 02 —02 00 01 03 06 06 02 01
1940 — 1941 1 =02 02 02 —03 04 04 —04 -—01 —04
1942 ~1943 —0.2 00 —0t 0! 0.0 . 0.1 02 00 —0.1
19441945 ) 0.5 0.7 0.9 0.7 0.6 6 0.5 03 03 00
1946 --1947 X —-03 05 06 02 01 . 060 - 0l 0.1 02
1048 2 —0.2 0.0 01 ooy 00 =0 0.0 00 0o 02

Horizontal component H (in gammas)

60—
-2 -2
1

1946—1947
1948

Northern component X

1938 1939
1940—1941
1042--1943
1944 —1945
1946—1947
1948

3
—1

|1

[CEXFNE- TR
|

[EEEECY ATy}

|

Eastern component Y (gammas)

1938 1939
1910 --194]
1042 - 1943
19411945
1916—1947
1948

Sverdlovak

Declination D (minutes)

438—1939 X X 0.2 0.2 02 —01 =02 —O.f‘
o104 0 ) 2 —01 —02 —01 —02 02 02
10421943 - 0. 2 —02 -03 —03 -03 -02 -0
19441945 '3 _03 —05 —05 —03 —03 —03
1946 —1947 ) . 0.3 0.3 0.3 04 0.4 0.4
1048 X 0 —02 01 —01 X 0.0 0.0

Horizontal component H (gammas)

1938—1939
1940—1941
19421943
1944—1945
19461947
1948
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Sanitized Copy A

Yakutsk

Declination D (in ﬁinutes)

Horizontal component H {in gammas)

varihern component X (gammas)

Eastern component Y (gammas)

Sverdlovsk

Declination D (minutes)

0.1
—02

-=0.1

Horizontal component H (gammas)

Sanitized Copy Approved for Release 2010/07/13 : CIA-RDP81-01043R000400040009-0




. Sanitized Cop roved for Release 2010/07/13 : CIA-RDP81-01043R000400040009-0

I (minutas)

19381939 0. . 02 0.
19401941 ! 0.0 0.
19421943 0. 0 -0l . 2 -0
1944—1945 0. _ 0.0 ! 2 -0
1961947 0. 0.3 : 0
1948 0. 00 -0

Northern component X (gzammas)

0 2
19401941 0 0
19421943 - 2
1944— 1945 1
1946--1947 —4
1948 0

2
0

1934-- 1939 - 4 -3 : .

—_r0 W IS

1
3
S
1

[

Sverdlovsk

Eastern compenent Y (gzmmas)

19381939 M
1940 -- 1941

19421943

1944— 1945

1946 1747

1948

1038 1939 3
1940-—1941 - -2
1942—1943 ; !
1944--1945 0
19461947 0
1948 !

Total Intensity F (gammas)

193R—1939 o -1 -2
1940-—1941 2 -1 - 6 —15
19421943 -1 g 3
1944-—1945 . ) \
1946—1947 : 0 ‘ . 3
1918 ) :

Kazan'

Declination D (minutas)
1938—1030 02 0.3 0a 0 gg 03
1040-- 1941 03 ! —g.; 03
1942—1043 Ol . X 0 —o1 —0
19441045 0l -0 3 04
19461947 0.3 4 ) : 0
1948 --0.1 2 .2 .2 EUS IS
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Total Intensity F (gammas)
Declination D (minutes)

Inclination I (minutes)
Sverdlovsk
Eastern component Y (gammas)
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Northern component X (gammas)

Vertical component Z (gammas)
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Horizontal
1938193y ; -2 -1
1940 — 19 . —1 -1
)43 - -3 —i
-2 2
0 - —2
1048 2 2

1938--193y . B Q.2 . 0.0 0.1

1940—1941 . .0 0.2 . 0.1 0.3

1942:-1943 . A 0.0 . —02 —03 .

1044 — 1945 . . —0.1 . —0.2  —0.2 . --0. —0. 0 -
1946—1947 . . 0.2 . 0.2 0.1 . . . 00
1948 A A —0.2 -0. -02 —o02 . 3 . . 9

Northern component X (Gammas)
19381939 -3 -3, o -1
19101941 N 0 1
1942 1943 S -1 -2 0
19441945 3. -3 3y 0 2
1946 —1947 0 1 0
1918 ; 1 4 3

Eastern component Y (gammas)
19381939 2 0 : 2 | 1
1940— 1541 0 -1 -2 -2 2
1942 1943 -1 0
1914--1945 —1 .2 -2
19461947 2 2 2

0

2 1
1918 \ 1

A 0

Vertical component Z (gammas)

193%— 1939 1 0
1940—1941 1 3 ; 5

19421943 - -7 3 —12
1944—1945 5 -6 -5 N -3

1946 1947 : : 7 8 ;
1648 k 1 ; ¥ -

Total intensity F (gammas)

1938 --1939 —2 -1 0 ; 5

1940--1911 - 1 2 : ! 6 6
1942—1943 - -8 —10 =11 —9
1944 —1945 5 —6 =6 —6 : -3 -l
1946197 -7 38 ¢ 3 7
1948 3 1 0 -4

Irkutsk

Dzclination D (minutes)
1938— 1939 T00 o0 o .
1940—1941 y 00 o0
19421043 0. 1 -02 o

1944—1945 0] ) 00 o

0.1
—0.

.0 . X 00 --01 —01 —02 —o1
0 0.0 0.0 0.0 0.0 0.0
( X A 00 —02 00 —02 -01
0 . —0.1 0.0 0.0 0.0 0.0
0 . X 0.0 0.0 0.0 00 -01
1 0.0 0.1 0.0 0.1 0.1

*1946—1917 . . 0.0
1948 X 0.0
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16‘17t~18l19|20'?1

Horizontal component H (gammas)

}8P§-1§E?
1
i1 53
JO= 1
ULl

[,8199
L0~1941

e

1930-1929
Eo 1901
lg?f-ighB
b1 9&?

9J8

1928-1939
1900-1901
1902-193
19LL- ]an
. 19L6-1947
19L8

19728 -1079
1900 '19‘41
19L2-1943

19uli=1905
19161947

Eastern component Y (ga&mas)

—1 0
0 1
—1 —1
1 [
—2 =2

Vertical
4
2
6
2
--5

1

3
—1
0
2

—6

0
2
—1
0
—1

component Z {gammas)
—4

1
4
4
1
—4

1
—2

3
-3
0
3
—6

0
92
-2
—1
-

—1
4
6
-2
0

0
-2
-2

3

0
-3
—1

4
—6

1

2
—1
-1
-2

6

6

—4

2

—1
-3
—2

3
—2

1

2
-1
—1
—1

—6
6
4
—6
4

Total intensity F (rammas)

3
4
S5
2
6

Irkutsk

—2
4

5

—2

9

—4

6
4

—4

0

—4

6
4

—4

0

Declination D (mlnutes)

Zon 00 00T 00

0.0 —0.1 —-01 —0.1
0.0 —-0.1 —0.2 0.0
00 00 0.0 0.0
0.0 0.0 0.1 0.1
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L1042

1938---1939
1940---1041
1943
19441945
1916--1947
1948

1938—1939
1940—1941
1942--1943
1944-1945
1916--1947
198

193R—1039
1940~ 1941
194221943
19441945
1946 - 1947
1948

1935--- 1939
1940 - 1041
19421943
19441945
1946—1947
1948

1938~ 1939
19401911
1942—1943
1044—1915
1946~ 1947
1918

«

19381939
1910—1941
0421943
1944—1945
1046-- 1947
1948

1638—1939
10401941
1942—1943
194.4-- 1945
1916—1947
1948

~ 4
0

-3

coce
LN =

i
——gn NS

0

—1

1]
0

Horizontal component H (gammas)

0

-3 —3 -2 2 -2 0 2
() 2 3 2 0 0 1
0 2 2 1 4 4 4
1 1 2 4 o t 4

-2 -4 —0 -5 -6 —4 -

T 2 0

Inclination I (minutes)

.0 0.0  —0.1 --0.2 =02 0.2 -0.2
.0 00  —0.2 02 —03 03 0.2
.0 0.0 --02 --0.2 --03 —02 —02
1 02 0.3 03 04 0.3 0.3
0 —02 00 —02 —02 —0.1 0.0

Northern component X (gammas)

-3 -3 -2 2 QO ? 3

1 2 2 1 | 0

1 3 3 4 5 5

1 2 | 5 5 1

4 -6 -5  —t 4 ..

2 2 2 2 0 0
Eastern component Y (gammas)

0 0 0 -1 0 1 0

U (! {) 0 0 ] 0
-1 —1 —1 0 0 1, -1

0 —1 9 fi 0 1

Q 0 O 4] 0 0 0

1 0 0 | 0 0 0

Vertical component Z (rammas)

2 0 -2 5 —N 10 19

2 -2 3 3 -2 -2 [}

0 1 (O B —1 1

0 2 2 4 5 1 6

R 7 5 4 3 1 0

Total intensity F (gammas)

" 0 N T -7 10 -
— -2 -2 —1 -1 0 2
.0 0 ) 0 N 0 1

1 1 0 2 2 2 4

3 1 0 -2 -1 -2 -1

0.5 0.5 0.4
03 —04 —056
o1 —0.2 -0.2
0.1 o2 0.2
02 —02 —02
00 02 0.0

Tbilisi

Declination D (minute

0.3
~06
0.0
BN
0.0
—0.2

5)

G

3 2 2
—1 -1 0
S 1

4 3 2
3 -2 o
-2 =2 =2
-1 02 0o
0.2 -03 —n2
- 0.2 -0.2 0.0
0.2 0.1 0.0
00 0.6 1.3
2 2 2

) 0 1

4 i 4

-4 4 2

3 o 5

1 -3 -2

0 -1 0
0 1 0
-1 0 -1
0 0 0

0 0 v

0 1 0
—8 -7 =D
1 1 N

Q 0O 2

4 3 .

1 ) 6
-0 7 -3
2 2 1

0 -1 ]

b 2 2

4] 1 0

=01 —02
5 =03 0.3

—0.1 0.9
0.3 04 0.2
0.0 0.1 ol
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i4

”ﬁB?EEéhLéiﬂéomﬁéiéﬁi”H (gemmas)

193%-1939
19001901
19L2-19k2
194 -19h8
19L6-1907
1048

—1 [}
4 4
1 =3
4 5
o2

Inclination I (minutes)

1928-1939

I i 0.0 0.0 0 0.0
1°L0~1941 ) Y ) 02 04 0 5
1942-19L2 Ty “ol -0 0 00 00 0

- —0

19Lh-1945 00 02 ol 0000 -0
19kA-1917 ~02 —02 00 00 0

Northern component X (g#mmas)

0 -1 - —1
-3 - . —
-3

4

Eastern component Y (gammas)

1 0
—1 -1
—1 1
0 0O
1 0

Vertical component Z (gammas)

=2 2 —1
10 13 : 10
0 —1 2 0

. 3 - -5

0 2 2 3

intensity F'(qanmau)

-2 -2 8 —2
S 10 8
0 2 —3
0 —2 - —3

-1 1 2

Tbilisi

clination D {minutes)
o1 T—02 701 0.
09 10 O
—02 2 -0
00 --02 —0
0.0 . 0

.1 0.1
.8 0.7
.2 0.1
Bt 0.2
.0 0.2

)

Sanitized Copy Approved for Release 2010/07/13 : CIA-RDP81-01043R000400040009-0



Sanitized Cop roved for Release 2010/07/13 : CIA-RDP81-01043R000400040009-0

at

1938—1939
1940~ 1941
199221943
1944 <1915
1946 1947
1048

149381939
1010~ 1941

194241943
1044-
15

1038. 1939
1940--1941
1042--1043
1944 —1945
1046—1947
1948

1938--1939
1940—1941
1012— 1943
1934-- 1045
1996--1947
1948

[N

)
i
BILYCEN

1448

0.3
—0.1
—0.2

0.2

0.0
- 0.2
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Horizontal component if

-5
—2
5
2
—6
2

Inclination I

0.1
—0.1
—0.3

0.2

0.1
—0.2

-3
-2
4
4
—6
3

0.0
—0.4
0.1

0.3

—0.2

-3
~2
-+
5
-6

(minutes)

0.2
0.2
—-0.6
-0.3
0.3
—0.0

0.0
0.0
—0.4
—03
0.3
—01

(grammas)

0.4
0.0
0.1

—0.2
0.4

—01

Northern component X (gammas)

v
v

| |
wwtsa s

0

tastern component Y (gammas)

1

—1

0
1
0
0

Vertical component 2

0
—4
0
6
-7
0

(gammas)

fobatswn
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\

17’18119!20&21!22{

Horizontal component H (gammas)

- !
1938-19%9 1 2 2 23 3 42 0 -1 3 2
) 19(10-19 ;(i’ 3 2 2 -2 -2 -4 4 -5 -5 -3 1 _] i
) 1919k 0 2 0 0 -2 1 =3 -3 -3 4 _6 6 4
LTS S S SR T S S S S S R
19L6-19L7  _j e A 0 o

19L e e —
Inclination I (minutes)

1938-1939 —04 —02 —02 —03 —03 —02 -04 —02 -0 00 02 02 02
Tol0-1901 —01 —02 00 03 04 0.4 04 04 04 02 02 0l 0.1
1942-1543 —0. I 00 00 02 0.1 0.2 02 0.4 0.5 0.5 0.5 0.5 0.5
lol-19LE —02 =02 —02 —02 —02° —02 —02 —03 —02 -03 —02 00 00
1647,-19 7 0l o1 02 02 02 04 04 03 02 00 -02 —03 —04

19Lej 02 , «

Northern component X (gzammas)

9 2 2 4 4 4 1 1 I -1 -2 -3 -3 :
L 4 3 0 -1 -3 -4 -6 -6 —5. 4 —2 0
3 0 1 1 0 -2 =2 -2 2 3 _4 5 -5 5
£ 31 2 2 1 1 0 i 2 1 [T S
7 345 2 2 =1 =3 - 3 0 0 i

-2 -1 -1 0 0 0 —1 —1 0 0 —1 0 -
-1 0 2 4 4 6 5 6 5 3 o .
0 0 0 0 0 —1 —1 -1 —1 —1 —1 0 3]
0 0 0 0 -1 0 —1 0 0 -2 —1 —2 -2
2 2 1 1 2 0 0 2 P
(4]
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Tashkent

Inclination D (minutes)

19381939 —0.2 ) ) 0.1 0.1 00
1940--1941 X 2 —0 2 .02 —03 —0.. —02
1912-- 1943 ) 0.0 2 —02 =01 --0.
1944 —1045 0.0 D04 —02 04
IM6-~1047 00 00 ! 00 00 0.1
1048 ! 00 00 - —01 00 __ 00

Horizontal component H (rammas)

1938 1939 —4 —6 - -1
10101911 0 —2 0 2
19421943 B b 4
1914~ 1945 -~ L 4 4
1046 — 1947 - -4 - -—8 ‘f:

3 2

Inclination I (minutes)

0.2 0.1
0 0.0
0. 0.2
0.2 0.3
Q0.5 0.6
0.9 -0.1

sss=oe
—_ O -

PE—ton

|

Northern

1938 - 1939 -
1310 ~1941 : 0
194221943 :
1944—1945 s 1
19161947 3 -6
1948

Eastern component Y (gammas)
14381939 . 2 .0 )
1640 —1941 : ; K 1 | X
1912 1043 —1 0 1
10§4--1045 - -2 —2 ]
1946 1047 - It | 0
113 0 0 0

]

19035 - 1939 3
1940 1941 T
1912—1943 2 0
19141945 - Y —1
P — 1947 -

1948 0

0

Total Intensity F (gammas)
1936~ 1139 i 1 : 2 2 !
1010 1941 ; 6 6 . (
1912—1913 1 9 .
194441915 : . ) -1 0
1046 —1947 ! -4 -3 —3
1945 ) 0 2
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Tashkent
Inclination D (minutes)

19’38-19 9
1940-1901
16h271903
19L)-19L5
19L5-19L7
1948

Horizontal component H (cammas)
1938&-1939 3. : , : s g -6 -
19‘304961 50 o o 5 L
19h2-194 : 4 : 0 —2 0 -2 2
19UL~194! 2 . 4 2 4 K] 5
19L6-19L7 4 0 0 0 -2
1948

Inclination I (minutes)

0.1 0.1 01 —02 0. —0.5  —06
—0.2 0.0 0.0 0.2 0. 0.4 8.3
—0.1 -0 0.1 0.0 . 0.0 0.2

0.0 0.0 02 =01 —0.: --03  —0.1

=02 —03 —0.2 0] X 0.l

—1
-6
—1
1
—3

Eastern component Y (gammas)

Q929 1 1 ‘ |
-1

1901 : 1 1
17-194U3 . 0 0 2 0
194L-19L5 .- -1 0 0
19L6-1947 ! 1
Tok”

Vertical component Z (gammas)

—4 L SRR § RS R R |
0 ! 1 2 3 3
0 0 0 0 0

0 0 -2 -3 —
P 1

1 2 1 2

R IaNWREENG]

Intensity ¥ (oammg )

b} .
0 0 —1
0 —1 Q
-1 -1 —1

3 !
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TAELE 10

AVERAZED LONG-PE™10D VARIATTONS

Obsarvatory

Declination D (minutes)

Yakutsk
Sverdlovak
Kazant!
Triulsk
Tbilisi
Tashkent

arts
dlovsk
nt

sk

Ya:

O™

NNy —

TN
— T

[esN
——

—
ONTT o N
[Nl

NS Ny

R

WU N —

—0.02
--0.07
0.15
0.03
0.02

—0.08
0.02
0.07

--0.03
0.00
0.08

---0.03
--0.03
0.05
--0.03
—0.05
007

0.62
—0.05
0.03
-0.02
—0.07
-0.10

0.07
—0.10
0.05
—0.03
—0.08
—0.12

0.07
--0.08
0.00
—0.05
—0.10
—0.15

—0.07

0.18
-—0.08
~0.13
-0.03
—0.08
—0.10

Horizontal component H (gzammas)

0.10
0.10
0.02
0.00
0.10

0.07
005
0.00
0.02
0.07

Northern

—0.8
~1.0
--0.7

0.03
0.00
—0.04
—002
0.08

0.02
0.05
—0.10
—0.03
0.07

componznt

03
07
- 05

0.2
0.2
—05

0.3
0.0
0.3
0.7
—0.2
—0.3

Eastern component

-03

0.2
- 0.3
—0.2
-1.0

0.3
0.0
0.3
—0.2
—0.3
—0.8

0.3
=05
0.2
- 03
—0.2
- 1.3

Vertical component

0.2
—1.5

Total int
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0.2
0.8
1.2

. —1.0

1.2

05
-0.8
0.0
-08
1.7

0.3
—0.5
0.2
0.5
0.8
—038

0.00
--0.03
—0.12
--007

0.08

0.7

Inclination I (minutes)

0.00
—0C.10
—-0.10
0.08

01.08

X (ganmas

0
Q0.
0.
1

0.

-0

Y (rammas)

0.0
0.0
0.0
0.0
-0.5
-0.7

Z (gawmas)

0.2

- 0.5

-0.5
-1
0.2
G.8

U

-0

-—0.3
- 07
-0.2
=-0.2
--0.2
-0.8

--0.0

ensity F (gammas)

—3.0
0.2
--24)
0.2

| R

- 0.02
-0.12
-0.06
- 012

0.02

0.5
-0.5
—-0.3
--0.2
—-0.2
-1.0

-—0.07
0.06
-—~0.08
0.00

nwNonL D

0.2
-0.5
0.0
—02
0.0
—08

07
—0.2
0.2
0.0

Sl
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18]l9[20i2!l‘.‘2]'_‘3".’4

Declination D (minutes)

0.02 0.00—0.04  0.00 0.00 0.10 0.10 0.04 000 —0.04 —0.02 0.04 0.00
_0.15—0.14—0.16 —0.04 —0.02 0.02 000 006 0.04 --0.02 . 002 0.06 0,01
—0.13—0.26—0.18 —0.12 —0.06 —0.04 0.00 . 0.08 0.12 0.12 0.12 0.10
~.0.05 —0.02 — 0.04 —0.04 000 —002 --0.04 . 000 —002 -002 —006 --001
—002 000 004 012 0.10 0.20 0.12 . 0.08 0.02 000 —0.06 000

3 —0.04 —0.02 0.04 0.06 0.04 0.10 A 0.10 0.10 —0.02 :

ety

Horizontal component H (gammas)
06 00 -—04 ~—08 —04 -10 --08
04 00 04 —02 —08 —06 -—ld
08 06 -04 —02 —10  -—1.0 —1d
02 —06 —08 —08 -—16 —14
04 —08 -0& —l4 =20 —I18
18 06 —08 -08 —18 26

NSRS
BB TOoOOO

=== Ps
[ CRCRERNEET

—~————r——
[ NaV = WL I o

Inclination I (minutes)

_008—040 000 000 004 006 006 002 008 0.4
005002 004 -002 006 006 008 008 Ol4 0.2
011.-004—006 000 004 006G 010 014 008 04?2
_008_010—004 004 004 012 008 012 016 0.0
0,08 0,08 —-0.06 —012 —0.04 --0.10 --0.10 —0.0% 002 o.o;

|
,t
{

[ S

OJwaro

Northern component X (gammas)

06 -—-02 —02 --04 A —~0.6
0.6 00 -04 —12 . —10
0.0 06 —04 —06 - 1.5 2.0
0.4 0.6 02 =08 -1 —14
bA 04 —04 —14 —20
1.0 0.2 0.1 0.6 .4 —2.0

Fastern component Y (.qemmas)

vy
CuUuio N
fadudraiNie N

0.4 E -02 0.8 2 0.6 0.6
—--04 . 0.0 02 .. 0.0 00
—6.6 - 0. 00 04 - 0. 0.0 0.0
- 02 y —0.1 0.0 . -04 =02

1.0 3 1.0 0.6 . 04 0.2

0.0 X 0.4 04 6 04 --0.2

"3 —

O izt

B L
w

Vertical component Z (eammas)

1.2 1.2 . . . 0.h 0.2
2.0 1.8 .2 . b 0.4 0.4
0.6 0.6 . 8 2. 1.4 0.8
30 26 : K D02 04
0.6 - 1.0 2. . —24  --22

[,
NI
- h

Total intensity F (ganmas)

08 > K 0.6 o~ 0.2
2.0 . . .6 0.1 0.4 0.0
0.0 . K 1.2 (12} 04
20 e . . 10 —1h =286
ol N ¥ g . 2N =22

————————
CLUAET Lo
Al
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TABLE 11
ANNUAL GEOMAGNETIC VARIATIONS

(AVERAGE FOR 1938-19L83)

=

Declination D (minutes)

Srednikan ' 2 - 3 »E))g
Yakutsl .2 . - U.:‘
Leninerad ! 6 ot
?Xgig}o‘/Sk 50 05 -.04 —08
Mos cow ; s 05 00 -0l 4—%%
S )0
i 7?2"53‘(ha11n3k 6 06 04 03 02 =01
T‘tw%li:i ’ 4 04 01 - 04 --04
o

zcz=c

|
:‘.‘,Ojl__/_Oj—
Tl o oaNT

mashkent an 00 03 00 —03 —05

Horizontal component H (gammas)

R

1 : 12
—1 ;
-2
-1
-1
—3

6
1
10
10
13

7

9

o

I

T i

o =1 C

Tnclination T (minutes)

—0.1 00 L2 03 =03 =05 —0.6
03 w4 03 04 00 i —0.}
02  0d 06 03 —02 —086 0.
0.1 0.2 0.6 0.3 0.1 --06 —0.
0.3 (%} 0.4 0.4 00 —04 --0.

—0.1 0.0 0.6 0.4 —0.2 !

—02 00 o3 02 00 -0 >
0.3 0.5 0.2 0.2 0.0 -
0.2 03 0.7 01 =05

01 —01 02 ol 02

1
{
4
4

Vertical comgonent

|

—5 - 10

|

w

1
1

|
1
t

1

S — R L

>

1
)
3

LT oo -

I
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Seredn ikan
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1 0

0 -1
-1 -
—1

)

EERTE

i
—1
0
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Total intensity F (gammas) i
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TAELE 12
ANWUAL GEOMATNETIC VARIATIONS

(Averapges for Years of Low Magnatic Activity -- 19L3, 194lL)

.

Observatory

svordlovsk

4 4 8
0 - 11

Horlzontal component H (gammas)

3radnikan 06 —0.5 - 0.1 -04 06 —08 0.6

Yakutsh - : - -
faxutox 02 04 03 04 00 —03 —05
i ;r"k 0.2 00 02 00 —02 —04 —06
aLovs 00 00 02 02 —02 --04 --04

0.0 —0.2 00 ol —03 —-05 --0.6
00 03 —03 0.1 01 =04 =05
akhalinsk - - - = : -
0.2 0.2 02 03 00  0F —06
0.0 —0.2 00 01 02 .06 —0.6

Inclination I (minutes)

—08 0. 1.3 04 --03 —0.5 —0.2
04 —-05 —02 —02 0.0 03 0.2
0.1 —0.3 —08 —09 --02 00 04
03 03 —07 —09 —05 —06 03

looool
Lo

04 =02 - 02 00 —01 —01 —03
20301 01 02 —06 —02 —03

|

Sco
o —

coi
a=

—04 04 —04 —06 00 01 02
03 -04 —04 —03 00 —04 00
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Observatory

Srednikan
Yakutsk
Leningrad
Sverdlovsk

xazan'

Moscow

Irkutsk
Yuzhno-Sakhalinsk
foihteis

Srednikan
akutck
eningrad

Sverdlovsk

Kazan!

Moscou

Irkutsk

9-Sakhalinsk
2533
Tbillsi
Tashksnt

Tashkent

Sradnikan
Yakutsk
Leninzrad
Sverdlovsk
Kazan!

ritutsk
Yyshno-3akhalinsk
Ocessa
Tbi i
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-

Vertical component Z (gammas)

—22 =27 —16 —I1?

e
i
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5 4
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2
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0
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-2
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!
| i

N
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1
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11

! |
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| |4 L
e [= KRN NY
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|
1

~
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oal ad
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|

aml o zal woLl
—t

—_——l e =
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|
D -

|
S
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Eastern component Y (pammas)
-4 -3 =3 1
—~1 =4 -3 0
3 1 2 1

0
2

0
1

0o —2
—1 10
2 22
B S

Total intensity F (gammas)
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Il

—_ N

|
[SXS
|
: |
aol wol wvo—| |
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i
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bl wm

sl val acol !
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ANNUAL GEOMAGNETIC VARTATIONS

(AVERAGES FOR YEARS OF HIGH MAGNETIC ACTIVITY -- 1938, 1947, 1948)

2]
Observatory B

Declination D (minutes)

—0.5 06 —1.1 06

0.5 0.5 —1.0
—0.8 6 =04 0.0
—1.2 --1. 0.0 0.6
—0.4 0.3
00* 06
—0.1 —0.1
—04 00
[(A] 0.1
—0.1 --0.1
0l 02

-—1.0 0.0
--0.3

04

)

coechommrm—r
sco

0.6
—0.2
0.5
-0.2 -
--02
--02
0.2
0.1
—0.1

—0.3
0.0

-0.1
-0.7

2 08

c=ez
L m o a

0.2
-0.3
~0.7

0.6

!

0.0
0.5
0.4

R e

.

Horizontal component I (mammas)

—16
—3
—12

inrerard

‘ovsk

—3
-1
—8

—8 2
- =2
—1 1
—n 1 —R
-1 -6 =2
—10 —6 1
—8 -—7
.. H o =6

-3

—1

7
Bl
0
4
4
0
2
3
0
&
T

Inclination T

--0.3 —02 0.t

o
|
=)

0.2
0.5
07
0.2
0.9
0.4
0.1
| ]
0.5

1.0
0.6
0.3

0.7
0.1

=2see
L —m—LRws

o«

00 —03
0.2
0.0
—0.3

—0.7
-~ 05

Vertical componant 7
24

N e S
awinxx=Dow

Fmri—es— | &

-2
6 |
3
3

iid]&-‘

Q9
[
9
10
4
13

PACIRSTLNC R R

i
e
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£4 15
< SN \
N pel X

Observatory s ST

IS
v
o

component X (gamaas)

Awir—CrIA W
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|

PR

Ao
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3

; 2
K3 :

6 !

5 J

3
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Nicaat
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TARLE 1k

MAXIMW DEVIATION FROM AVERAGES FOR 11-YEAR ANNUAL GECMAGNETIC VARIATIONS
{NEGATIVE DEVIATIONS)
o £0 1o] ~ ™

o o, +

e Eog
d o o o 3 3 @ o O o
Observatory ORI I T -
Horizontal component H (rammas)

S Srednikan =3 -7 16 —12 —20 —2 8 9 _7 _ _a°
Yakutsk =10 -10 —16 —qj 6 -7 15 l“( _; lfl.
gemgqrad 18 =6 —12 g : 5 5 5
pverdiovsk —I18 —10 12 -0 6 700
Kazan =15 =7 —13 % -8 —12 8
i Moscow -8 -2 3 .5 2 -9 3
Irkutsk —22 —15 —17 -2 10— —-13
Odassa -9 —4 3 7 -6 -, 5
Tbilisi —19 =11 —15 3 18 —10 -0

Tashkent F1 12 =20 13 —10 —12 210~ 17 0

Vertical component Z (gammas)

Srednikan B A U I T T ST S PR 3300

akutsk d - = = - = 5 . -

2ninerad -5 —13 —7 12 9 5 8 —9 -7 1 q
ﬂfj::‘x'mvak 5 =8 —10 —13 6 .7 _7 _, »l!:' 1 Jg -:
T4 T T2 -8 -0 1006 -2 g g6 )

foscow 4 =1l 3 5§ _§ 4 -4 7 7 —6 3

Trkutsk 9 —0 -8 5 g || _q _g Boo-14 - 21

dessa, =100 —6 7y Ly T 4 6 4 g 1

Toilisi TB 100 v 6 19 8 4 0 7 —6 - 20 19

Tashkent e T S s S 5 .10

Total intensity F (gammas)

Srednikan 31 — _ s ,
Yakutsk -3 _35 _!5 ix ‘,}5 77_19 443.0 ~-:_2| _,'“’ -21 -12 g2
Leninrrad, B S S P Y S S
Kazan' =6 —10 —15 4 10 7 _g _ 10 -6 0
Moseow =Y =5 =6 -9 .3 1 —13 0 o 19 12 e
T i@’iek 0 0 0 0 0 0 =i -4 3 —-6 -5 1
rku =0 -8 7 4 6 .12 10 _q 0 11 —14 19
Qg?‘ 3y —"IJ g =1 =3 -6 6 8 .5 _ 5 _4
il - =T —13 -7 =21 10 —17 213 —10 =23 -
Ehkant Y . »714 e L

!

TABLE 15

MAXIMUM DEVIATION FROM AVERAGES FOR 11-YEAR ANNUAL GEOMAGNETIC VAKIATIONS

(POSITIVE DEVIATIONS)

§ 2 §F B R 58 z ¥ 8% 5 03

Observatory T TR 3 n O = N
Srednikan 5 4 8 8 6 6 10 5 2 1 & &
Yakutsk 4 4 9.9 9 4 7 10 9 12 5
Leningrad 9 4 6§ 5 3 7 12 ¢ s ¢ 50
Sverdlovsk : E ! ) : b 2 §
Rnennt 16 5 8 7 7 4 8 8 7 6 s
M‘ o 11 7 10 6 8 5 7 8 7 5 6 8
Toruom 5 2 2 3 2 2 9 5 & 3 2 94
nRutok 17 10 12 8 10 7 10 10 12 9 9 10
Odozma 4 7 4 6 5 6 8 3 7 71 3 g
Tbilisi 16 8 16 13 12 12 13 10 20 9 8% 1
Tasnkent 23 U 11 12 10 5 8 11 265 12 8 3
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S;gd?%ﬁan

Loninsrad
Sverdlovsk

Srednikan
Yakytsk
Laningrad
Gvaerdlovsk
LAZEN

lisi
Tashkent

MAXIMUH LEVIATIONS

~

Oobsurvatory
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? o
[

5

) L) <7

Vertical component Z (gammas)

34 25

23
10

6
15
10

19
12
6
10
8
6
4
19
11

Total .intensity F (gammas)

10
6
11
22

0
13

3
19

26

21

RAGES FOR 11~-YEAR ANNUAL GEOMAGNETIC VARTIATIONS

Extrome values

/

Averags: values of

maximum deviations
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TABLE 20
SOLAR DAILY GEOMAGNETIC VARTATION3 OF DECLINATION (D) FOR QUIET DAYS (MINUTES)
YEARS OF LOW MAGNETIC ACTIVITY

Ovbservatory and World
observation year time ; : ; a 10
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Equinox
190k (L] Summer
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jksi Winter
Tiksi, 19k () Eouinox
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Uelen, 1943 [6] winter
Equinox
‘ Summer
Year

Yakutsk, 194k (7] Winter
Equinox
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Year

Sverdlovsk, Winter
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TARLE 21

SCLAR DATLY SECMAGHNETIC VARTATICHS OF LECLINATION (D)

(MTNUTES) YEARS OF HIGH
Observatory and Yr Tim: o

Bukhta Tikhaya Winter .4
Ecuinox .3
1937 [1] Simeer e
Year 250

Dikson, 1937 (7] Winter -
‘ Equinox

Summer 19,1

Year a7

Matochkin Shar, Winter 5.0
. Equinox .7

19237 (3] qgmmpr 3
Year

Tiksi, 19L7 (4] Winter
Equinox
Surmer
Year

Uelen, 1927 [5] Winter
Equinox
Summer
Year

Srednikan, 1948 [6] Winter
Equinox
Sumrer
ear

Yakutsk, 1948 [7] Winter
Fauinox
Qummer
Year

Leningrad, 1948 [8] wWinter
Shanex
Year

Sverdlovsk, Winter
Equinox

1948 (9] Sumner
Year

Kazan', 19L8 [10] Winter
Equinox
ummer

ear

Moscow, 1948 [11] Winter
© Equinox
Sunmer

Year

Trkutsk, 1948 [12] Winter
Equinox
Surmer
Year

Odessa, 1948 [13] Winter
Equinox
Summer
Year
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TAPLE 27
SOLAR DATLY “EOMAGNETIC VARTATIONS OF HORIZONTAL COYFCNENT (1) FOR

QUIET DAYS (GAMMA3). YEARS OF LOW VASNETTC ACTIVITY

Observatory and World
observation year time

e —14 16 -2
Bukhta Takhaya, Winter —2) —20 -.30
Equinox op 3 Ly
9Ll [1] Sumiter T S
ear .
. —12
Mys Chelvuskin, Winter —12
Bquinox  _j3
19hhL {?] Surmer 12

Year
Dikson, 19Lk [3] Winter
Equinox
Summer
Year

Matochkin Shar, Winter
Equino:

194k (L] Sﬁ;mggx
Year

Tiksi, 19LL [5] Hinter
LAUITIoOX

umnme 1*
ear

Uzlen, 19L3 [6) Winter
Eaquinox
Summer
Year

Yakutsk, 194k [7]  Winter
Eauinox

Svmner
. Year
Sverdlovsk, 19Lk  Winter
Eouinox
[8] Sumner
Year

Kazan', 19kl [9] Winter
Favinox
Sumrier
Year

Irkutsk, 19LL [10] Winter
gnnlnox
Sanner
Ye%rc

Winter
Eq

Su

W NN

Toilisi, 19LL
(17]

Tashkent, 19Lk
(12]
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TARLE 23
SOLAR DALLY fEOVAGNETIC VARYATTONS OF HORTZORTAL COMPONENT (H) FOR
QUTET DAYS (RAYMAS) YEARS OF HI%L DASKETIC ACTIVITY
Observatory and
observation year

Rukhta Tikhaya,
1937 (1]

Dikson, 19237 [?] Wint
Bgquinox
summer
Year

Matochkin Shar, Ninter
Equinox

1937 (3] Summer
Tear

Tiksi, 1947 (L] Hinter
Fquinox
summer
Ygar

Uelen, 1937 [5] Winter

. Equinox
Summer
Year

Srednikan, 1948 (6] Winter
Equinox
Summer
Year

Yakutsk, 19L8 [7] Winter’
EBauinox
Summer
Year

ingrad, 19L8 Winter
Saulnox
Summer
Year
3verdlovsk, 15L8 Winter

f?ﬁ Eauinox
Summer
Year

Kazan', 19L8 [10]) “inter
Equinox
Summer

Year
Moscow, 19L8 [11) Vinter
: B ox
Junner

Year
Trkutsk, 1948 [12]  Minter
Fauinox
Ut er

Year
Odessa, 19L8 [13] Winter
FEauinox

Yladivostok, 19L7 Winter

1h] Lauinox

(1k] ST
Year

Thilizi, 1948 [16]  Winler

Tastvent, 19L8 6] MWinter

Foaninay
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TAELE 7L
SOLAR DAILY GECMAGNETIC VARTATIONS OF ERTTCAL COMFONENT (Z) FOR
QUIET LA*S (GAMMAS) YEARS OF LOW MAGNETIC ACTIVITY
Obseraatory ani World
obsarvation year tima
Bukhta Tikhaya,
19k (1]

Mys Chelyuskin, Winter
Equinox

194 [?] ngmer
Yeor

Diksen, 19LkL [3] Winter
Equinox

Matochkin Shar,

19Lh (L}

Tiksi, 19kh [s] Yinter
Ecuinox

2
R

Uelen, 1943 [6]

Equinox
summer

Year

[SPN

Sverdlovsk, 19LlL  Yirter
; Eauinox
(7] Surmer
Year

Kazan', 194L [8] Winter
Equinox
Sunmar

Year

Irkutsk, 19LL [9] Winter
Fqu

'
1

Vladivwostok, 19hh  Fouinox
[10] Suzr.er

Year

Tbhilisi, 19kk [11]

Tashkent,, 19k [17]

Sanitized Copy Approved for Release 2010/07/13 : CIA-RDP81-01043R000400040009-0



roved for Release 2010/07/13 : CIA-RDP81-01043R000400040009:

Sanitized Copy Approved for Release 2010/07/13 : CIA-RDP81-01043R000400040009-0



roved for Release 2010/07/13 : CIA-RDP81-01043R000400040009:

TARLE 25
SOLAR DATLY GEONAINSTIC VARTATIONS OF VERTICAL COMPOMENT (Z)
QUIET DAYS (GAMMAS) YEAR O+ HIGH MAGNETIC ACTIVITY
Observatory and  World

observation year

Tibhita Tikhas
1047 {1]

Winter
Toninnx

Tiksi, 19U7 [U] Jin
Equinex
Simmar

Uelen, 1937 (5]

nikan, 19L6

Yakutsk, 1958 [7]

2
0
-3
0
3
1
3
1
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TABLE 26

SOLAR DAILY GEOMAGNETIC VARTATIONS OF DECLINATION (D) ¥OR DISTURRED

DAYS (MINUTES) YEARS OF LOW MAGNETIC ACTIVITY

Otservatory and World
observaticn year tine

Bukhta Ttikhaya, w1n§er
E nox

190 (1) Snma ¥
Year

Mys Chelyuskin, Winter
Equinox

9Lk, (7] Summer
Year

Dikson, 19LkL [3] Winter
Equinox
Summer
Year

Matochkin Shar, yin;gp
quinox

19kl (L] ?umger
ea

Tikai, 19k (5] Winter
Equinox
Summer
Year

Uelen, 19L3 [6] Winter'
Fquinox

oummer

lear

Yakutsk, 19LL (7]  Winter
Equinox
Summer
. Year
Sverdlovsk, 19Lk Wiater
Equinox
(8] Sunrer
Year

Kazan', 19LL (9] Winter
Equinox
Summer
Year

Irkutsk, 19LkL [10) ¥inter
Eauinox
aumnier
Yeor

Vladivostok, 19kl Winter
Equinox
f11) Summer

Tastirnnt, 1944 Yinter
lauinoy

{12) Supmer

T Year
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. TABLE 27

SOLAR DATLY GEOMAGENTIC VARTATIONS OF DECLINATION (D) FOR DISTUREED

DAYS (MTNUTES) YEARS OF HIGH MAGNETTC ACTIVITY

Observatory and World

observation year time
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TADLE 28

SOLAR-DATLY VARIATIONS OF HORIZONTAL COMPONENT (H) FOR DISTURRED

DAYS (TAMNAS) YEAR OF LOW MAGNETIC ACTIVITY

bzervatory and Jorld

ovservaticn ye
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HOPTZONTAL CCUICNENT (H) ¥OR
DISTURBE T3 LAl QF HINH WATNETIC ACTIVITY
Obeervabory and

observotion

Uelen, 1637 (5]

Srednikan, 1948 [6]

Y.ran', 1948 [10]

Foscow, 1SLE [11]

Irkutsk, 1948 [12]

Tatnkent, 1945 (1
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TAELE 20
SOLAR-DATLY SEQYAGNETIC VARIATIONS OF VERTICAL COMPONENT (Z) FOR

DISTURBED DAYS (IN GAMMAS) YEAR OF LOW MAGNETIC ACTIVITY

Observatory and World

ohservation year time

Pukhta Tikhaya, Winter
Eouinox

19k [1] Summer
Year

Mys Chelyuskin, Winter
Mo
19U (2] Surmas
ear
Dikson, 19Ul [2] - Winter
Equinox
Summer
Year

Matochkin Shar, Winter
Equinox
1oLl (L] Sunmer
Year
iksi ig wWinter
Tiksi, 19LL [5] Fauinox
sumner
Year

Uslen, 19L3 [5] Winter
Equinox
Summer
Year

Sverdlovsk,: 19LL Winter
Eauinox
[7] Summer
: Year

Kazan', 19LL (8] Winter
Equinox
Sunmer
Year
Irkutsk, 19LL (9) Winter
g,(minn):
S
Vliadi~ostok, 194k  winter
Eauir
[10] Sdnmer”
Year
Thilisi, 19hL [11] winter
Feovinox
Summer
Year
Tastvent, 194k (12) inter
Eaninox
S or
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POOR ORIGINAL

TARLE 21
SOLAR-DAILY VARIATIONS OF VERTTCAL COMPONENT (Z) FOR DISTURBED

DAYS (IN GAMMA3) YEAR OV HIGH MAGNETIC ACTIVITY
- -

Observatory and World

otservation year time

Rukhta Tikhaya, Winter
} . Equinox
1937 (1) Svmmer
Year
Dikson, 1937 {?] Vinter
Equinox
Swimer
Year

Matochkin Shar, Winter
R . Equinox
1937 [3] Swie

Tiksi, 1947 [L] Winter
Bquinox
Summer
Yoar

Uelen, 1937 [5] Winter
Eguinox
Summer
Year

Sradnikan, 1948 [€] Winter
Ecminox
Swimer

Voor
icar

k, 19L8 (7] Uinter
Fauinox
Sumner
Year

Leninerad, 1948 [8] Winter
Equinox
Summer
Year
Darn i Nex I o Ty
Sverdlovsk, 1948 [9] Winter
Eaquinex

=

19L¢€ [10]

QLD o 2

1216 ‘13}
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—b67 =100 109 -6 %0
— 02 —129 —I41 —111 75
-1 =118 111 —74 --60
—90 —116 —120 —y3 —75

—27  —=-55 —101 —137 —I105
—74 —103 --150 - 150 12
109 — =126 —131
=71 3 125 13K

--45 . a9 - A
—137 - 38 32
—d4l 3¢ 9 B!
- 13 S5 —13 13

24
10
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8
Q
9
7
6
8
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TARLE 32
SOLAR-DATLY SEOMASNETIC VARTATIONS OF TOTAL TNTENSITY (F) “0% QUIET

DAYS (TN GAMMAS AVEPATES FOR 11 YEAR3. YEAR OF HISH MAGNETIC ACTIVITY

Observatory

Bukhta Tikhaya [1] yinper
Eauinox
aummer
Yaar

Mys Chelynskin [?] Winter
Laninox
ourmer
Yasr

Dikson [3) Wirter
Eauinox
Simme
ear

Matochkin Shar Winter
: Ecuinox
[L] Strmer

Year

Tiksi (5] Winter
Eauinox
ounmer
Year

elen [6] Winter
S,IJEJJHOX
aurmer
Year

Leningrad [7] Winter
Equinox
Summer
Year

Sverdlovsk (8] Winter
Equinox
Surmer
Year

Kazan' (9] Winter
Equinox
oaunmmer
Year

Irkutsk [10) Jinter
Eauinox
Surmer
Year

(11} Winter
Eauinox
Summar
Year
Tashicent [17] Winter E
hnu*nox B 4 5 R [ a—
B i ~18 —15
—13 —11

Jladivostok [13) 16 16 9 0 3
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TABLE 33
SOLAR-DATLY GECMASNETIC VARTATIONs OF TOTAL INTENSITY F FOR QUIET

a——
DAYS (IN GAMMAS) YEAR OF LOW MAGNETIC ACTIVITY

Observatory and World
observation yesar time

Fukhta Tikhaya Winter

; Equinox

19Lh 19 S%mmer
Year

Mys Chelyuskin Winter

' Equinox

9Lk (2] Summer
Year

Dikson, 19Lh [3] Winter
Eouvinox
Sunmer
Year

Matoctkin Shar ﬁin%er
Lo NoOX

19Lh [l] Summer
Year

Tiksi, 19k [5] Winter
Equinox
Surmer
Year

Uelen, 19L3 (6] Winter
Eauinox
Summer
Year

Leninerad, 1933 (7] Winter
Equinox
Summer
Year

—O N3
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Nx O OuNw
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v
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1
1

Kazant, 19hL [9] ° Winter
Fouinox
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Irkutsk, 19Lk [10]  winter
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Sitmer
Year

(=) Ovlc—-'v\—- NDRNO OO

cL—o caon
Ly I
ZoNn owN

V1adivestok, 19Lh Winter
[11) Eaninox
Yeor

Thilisi, 19Lk [12]  Winter

: Fauinex
Surmer
Year

Trshkent, 19k (121 yinter
E ninex
oaurmer
Year
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i
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TALLE o
SOLAR=DATLY 0L STTC VARIATICHS O

DAYS (N fEvMAS) YEAR O° HIGH MA

Obanrvatory end World
observation vear time

Vhta Tikhava
197 (1)

Wintar
Sruine

Tiksi, 1907 12]

Kouinox
:\' e
Year

telen, 1929 [k Winter
fauinox
> ar

Leninerad 1927 Winter
. Eaquinex
[sic) (5] Sirrer
Year
Svardlovsk, 19LF Vinter
mhouinox
(%)

Summa r
Year

R
e COC

Yazan', 1047 (7]

RNy
B NeO «O

Tricutsk, 1948 [9]

bl

Summer
Year

|

PUNTEN WNN =

Tbilisi, 19u& [9]

Tashkent, 1948 [10]
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TAZLE 26
SOLAR-DATLY GRGAGNETIC VARTATIONS OF TOTAL TNTENSITY (F) FOR DISTURRED

DAYS (TN SAMMAS) YEAR OF LOW ™° CETIC ACTIVITY

Chcervatory and

absarvation year

Pukhtt Tikhaya

liys Chelyuskin,

Lo{2]

Dilison, 19hk [ 3)

9
12
13
1

39
8

3
16

23
29
17
23

160
115
105
107

-3
—4
—14
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'POOR ORIGINAL

TABLE 37
SOLAR-DATLY GEOMAGNETIC VARTATIONS OF TOTAL INTENSITY (F) FOR

DISTURBED DAYS (IN GAMYAS) YEAR OF HIGH MAGNETIC ACTIVITY

Obgervatory and World

observation year time

Rukhta Tikhaya Winter 66

Eaquinox 135
1938 [1] Swimer 148

Year 17

Matochkin Shar, ginper 136
quinox
1938 [°] Summer
. Year 104

Tiksi, 1947 [3] Winter
Equinox.
Sumner
Year

Uelen, 1938 [L] Winter
Equinox
Summer
Year

Leningrqd, 1927 ° Ein%or
[sic] [5) Sommer
Year

Svardlovsk, 1948 Winter
(6] §quinox
Year

Kazan', 1948 (7] Winter
Equinox
§ummer

car

Irkutsk, 1948 [8]  Winter
Equinox
Summer
Year
Tbilisi, 1948 [9]  Winter
quInox
Jumme r
ear
Tashkent, 1948 [10] Winter
Eauinox
Stunmer
Year
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13 —47
- 13 -~25

Sanitized Copy Approved for Release 2010/07/13 : CIA-RDP81-01043R000400040009-0



Sanitized Copy A ved for Release 2010/07/1 IA-RDP81—O143R00040004000 0

THELE 38
DLSTURRED DATLY GEOMAGNETIC VARTATIGH: OF DL LIATION D (TN MIUTES)

e
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'POOR ORIGINAL

TABLE 3y
DISTURBED DAILY GEOMAINETIC VARTATLONS OF DSCLINATION D (IN MINUTES)

YEAR OF LOW MAGNETIC ACTIVITY

Observatory and World
observation yéér time

Eukhta'Tikhaya Winter
Equi

19Lh [1] Sgiéggx
Year

Mys Chelyuskin Winter
19Uk (2] Sumner
© Year

Dikson, 194k [3]) Winter
Eauinox
Sumrer
Year

Matochkin Shar, Winter
qulnox
19hk [4] Summer
Year

Tiksi, 19hk [5] Winter
Equinox
Sumner
Year

Uelen, 1943 [6] Winter
Equinox
Surmer
Year

Yakutsk, 194l (7] Winter
. Equinox
Summar
Year
Sverdlovsk, 19k Winter
Equinox
(8] ngmar
Year

Kazan', 194k [9] Winter
FEaquinoy
Summer
Year

Irkutsk, Finter
;,quinox
ummne r
Year

Jladivostok, 1%L Winter

11 Fquinox

(11] Sarmer
Iszrp

Thilisi, 19Uk Wingar
Eaulnox
(10} dae
Tashkent, 19LhL Wintor
- Eau nox
[12] Sumanr
Year
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